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EARLY ENGLISH LOCOMOTIVES. of the engine as built in 18038. In weighed in working | the original engine as it appeared when competing for 
order 5 tons, and took a gross load of 25 tons at a | the prize of £500 offered by the Liverpool and Manches- 

ARECENT number of Engineering gives illustrations, | speed of 4 miles an hour ever a bad road, with sharp | ter Railway Company, at Rainhill, in 1829. The engine 
which we copy, of two early English locomotives curves and stiff inclines, and without a load it is re- | weighed in working order 4 tons 3 ewt. ; it ran at the 


whieh were exhibited by models at Chicago. Fig. 1 ported to have run at a speed of 16 miles an hour. thre of 12's miles per hour with a load equivalent to 


shows Trevithick’s tramway engine. The model was Fig. 2 shows a full sized model of the * Rocket.” | three times its own weight, and when taking a car- he 
made at Crewe Works, and is an exact representation The model was made at Crewe Works, and represents ' riage and passengers it traveled 24 miles an hour. . 


2.—-MODEL OF STEPHENSON’S “ROCKET,” 1829, 


4 
SAAN 
Bia. 1.—MODEL OF TREVITHICK’S TRAMWAY LOCOMOTIVE, 1803. 
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WATER TUBE BOLLERS.* 


WE propose in a short series of articles to explain 
the principles involved in the design and working of 
water tube boilers; the conditions which, for various 
purposes, they ought to fulfill; and the constructive 
arrangements most likely to satisfy these conditions, 
We do not intend to supply historical information, It 
is not our purpose to describe in detail any boiler or 
method of construction. Our criticisms must not be 
taken as directed against any particular make of boil- 
er. What we shall have to say in favor of a system or 
systems must be regarded as wholly impersonal. In 
other words, having laid down certain principles to be 
observed in designing water tube boilers, our standard 
of merit will be based on the extent to 
principles ure observed, 

In the present day steam is always generated either 
in evlindrical vessels or in flat-sided chambers the 
plates of whieh are staved together. The locomotive 
boiler supplies an example of both methods of con- 
struction. The fire box and its casing are flat-sided 
stayed structures, The barrels of the boilers are cylin- 
drical vessels. The water tube or tubulous boiler 
differs from others principally in the size of the tubes. 
But it must not be forgotten that many types of water 
tube boiler have cylindrical vessels of very considera- 
ble dimensions as component portions of their strue- 


ture, while in others flat-sided stayed chambers are | 


used, 

Seeing that boilers of the Laneashire, Seotch, and 
locomotive types give exeellent results, it may legiti- 
mately be asked why the water tube boiler should su- 
yersede them. The question admits of several answers, 
The principal are: (1) That the water tube boiler is 
safer at heavy pressures than any other, (2) That it is 
much lighter. (3) That steam can be got up more 
quickly in it; and lastly, that it is more portable, in 
that it can be conveyed from place to place in portions 
or sections, easily handled, and of very moderate 
weight. It may be taken as certain that the water 
tube boiler is not more economical than other forms of 
steam generators, assuming of course that we select 
favorable examples of each type. 

Almost all inventors of water tube boilers have 
started with the fundamental proposition that good 
water circulation is to be obtained at any cost, It 
however, a remarkable fact that most erroneous opin- 
ions are held concerning circulation and its cause, even 
by those who ought to be very well informed on the 
subject. Asa matter of facet, however, it can be shown 
that circulation is not necessary; that it cannot be 
avoided, and that it is always to be considered simply 
in the light of an evil. Circulation is due to two causes. 
The first of these is difference of density in two por 
tions of a body of water, the difference being due to 
diversity of temperature. If the water throughout a 
boiler is all of the same temperature, there will no 
longer be circulation from this cause. In Pig. 1 cireu- 


Is, 


Fig.l 


lation will take place in the direction of the arrows 
when the lamp, A, is placed as shown, but only so long 
as the water is becoming hotter. As it gets nearer and 
nearer to 212, the cireulation will become slower and 


slower. It is no longer possible to make the water in 
B any hotter; but C may be kept colder, as by a cur- 
rent of cold air, and circulation will then go on—but 


only because a portion of the water is kept below the 
temperature proper to the pressure at which the rest 
of the beiler is generating steam. The principle has 
been extensively emploved by many inventors, and in 
some cases the cold feed has been delivered somewhere 
about the point, D, in order to keep down the tempe- 
rature still further. <A little reflection will show that 
so long as water is kept in contact with a heated plate 
or tabe, it matters nothing whether that water is circu- 
lating or not, it will absorb heat and give off steam ; 
but care must be taken that the steam does not drive 
away the water. It is because it has driven away the 
water that many water tube boilers have turned 
out more or disastrous failures. It is before all 
things necessary for those designing water tube boilers 
to have perfectly pellucid views on the subject of circu- 
lation. Lacking this, it is quite impossible for them 
to attain success. Now, the simple rule to be observed 
is this: “Take eare of the steam, and the water will 
take care of itself.” That is to say, the boiler must be 
so constructed that accumulations of steam in one por 
tion may not foree the water out of that into another 
portion, That what took place in the historical 
boilers of the ss. Montana. The tubes out of which 
the water was driven became red hot and burst. Fur- 


less 


Is 


thermore, it must be remembered that different por- | 


tions of the boiler are exposed to different intensities 


of heat, and the steamway which may, be large enough | 
to clear the tubes in the cooler portions may be alto- | 
gether inadequate to clear those in the lower portions. | 
Thus, for example, the steamway which may suffice | 


for A, Fig. 2. may not be great envugh for B, the ulti- 
mate delivery from which into C is hampered by the 
discharge from all the pipes above it into D. If a boil- 
erof this kind, wrongly proportioned, is worked quietly 
it may do very well. If it is foreed, B will be emptied, 
the water being driven back into KE. If the fire is very 
fierce. the lower tubes may be ruined in this way ; if 
not, then water will be taken by gulps into B, and the 


result will be unsteady working, and priming more or | 


less severe. Thisis a principal reason why the numer- 
ous class of boilers with long pipes and deep" headers” 
have proved themselves unfit for foreing. They an- 
swer very well with mouerate draught and an evapo- 
ration at the rate of about 2'¢ Ib. to 3 Ib. of water per 
square foot of heating surface per hour. For higher 


* From the Anagmeer, London, 


which these 


highest rates, such as those obtaining in torpedo boats. 


tion takes place after ebullition has commenced, under 


| t is erroneously held by many persons that circula- 
'such conditions as those indicated in Fig. 1, because 


the leg, B, contains steam and water, while the leg, C, 
contains water only; and even so eminent an authority 


as the late Mr. Babeock maintained that the maximum 
useful circulation was obtained when the contents of 
the ascending leg weighed just one half as much as the 


contents of the descending leg. This implied, of course, 
that the bubbles of steam in the former must be equal 
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in volume to the volume of water in the leg. There is 
no foundation in fact for this theory. If it were true, 
it would suffice to displace half the water in the as- 
cending leg with corks to get circulation with cold wa- 
ter. Those who hold the same view as did Mr. Bab- 
cock forget that the pressure of water is a function of 
the head and not of the mass; and so long as the head 
of water is the same in B as it is in C, it matters noth- 
ing what may be suspended in B, there will be no cir- 
culation. This is very clearly proved by the aid of 
bent glass tubes, provided they are not too small in 
diameter, when an action takes place to which we shall 
refer by and by. If the experiment is properly car- 
ried out, a continuous upward rush of steam bubbles 
may be maintained in one, while there is practically 
no movement of the water. We have no doubt that 
in some forms of water tube boiler there is no cirecula- 
tion of the water worth mentioning. Indeed, the only 
arrangement maintaining circulation, consisting of an 
external down pipe, has been removed, and the boiler 
has in no way suffered. As a rule, however, in all wa- 
ter tube boilers there is circulation of water, 
some it is exceedingly violent and rapid. We have yet 
to consider to what this circulation is due. This we 
shall endeavor to explain hereafter. Before doing 
this, however, it is well that our readers should be 


in no doubt concerning the unequal density argu-| 


|ment. It will be made clearer by Fig. 3. Here, in the 


ascending leg, are seen a number of steam bubbles, 
which, of course, displace a certain volume of water. 
If now it were possible to weigh the contents of A and 
B, it would be found that the former was much the 
lighter. This being so, it is held that water flows from 
Bto A. It seems sufficient to state the case to show 
its absurdity. We have already pointed out that corks 
might take the place of the bubbles in cold water, but 
no one dreams of saying that circulation would take 
place in very many if not in most water tube boilers 
then. The case stands thus: The temperature of the 
water is very nearly the same in both A and B. Not 
infrequently the ditference is not one degree. No eir- 
culation worth the name can then be produced by 
difference of water temperature. Again, the head is 
the same in A and B, or, rather, it is higher in A 
than B, so that circulation cannot be due to the 
difference in height of the contents of the two legs. 
In connection with this point, we reproduce an 
account of an experiment carried out in the United 
States, by Mr. Hogan, the patentee of a water tube 
boiler. Fig. 4 shows the experimental boiler. The 
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pipes and _ boiler were filled with water to the water 


| line, and the water was gradually heated until the fire | 


was in good condition. The fire was then forced, and 
ina few minutes water and steam were thrown up- 
ward from A to B some 20 feet. The distance from C 
to A was 18 feet. 

It will, we think, scarcely be maintained that this 


rates they have to be specially proportioned ; but un-| action was due to the difference in wei 
der no circumstances are they suitable for the very 


and in| 


ht 
umns of water,C Aand EF. So long _ thea col. 
is maintained and acted upon, that a difference int 
weight of the contents of the rising and falling pact te 
is the cause of circulation, so long will faulty methods 
| of construction be adopted. It is because that by ae 
accident or as a result of sound knowledge the th nae 
| has been ignored, that important advances have bent 
made in the construction of tubulous steam generates 
Before proceeding further, it may be worth while 
|to explain the reasons why the erroneous the, 
of circulation which we set forth formerly he, 
| been accepted. It appears tobe based on the Teenie 
of experiments made with small glass tubes. We news 
| alr sady called attention to the misleading nature of 
such experiments. If, instead of a tube one inch or 
little more in diameter, we use a tube with a bore of z 
quarter of an ineh or thereabout, : 


it is very easy to 
carry out an experiment in such a way that there wil] 
be no true hydrostatic head in the rising pipe. What 
takes place is shown by Fig. 5. Here we see bubbles 

A 
al 
| 
fi 


of steam, A A, ete., following each other up the rising 
leg. Each bubble quite fills the bore of the tube, and 
circulation will in that case be due mainly to the differ- 
ence in weight of the contents of the two legs, Ip 
practice, however, the steam bubbles hardly, if ever 
fill the diameter of the tube, and all that we have said 
in our last impression holds good. 

We have said that circulation, sometimes very vio- 
lent in character, takes place in water tube boilers. 
We have now to explain to what that circulation is 
due. ‘The cause of circulation, that is to say, of the 
movement of the water in the boiler, can be very briefly 
stated. The explanation of the working of the cause 
in detail will occupy a little space, which may very ad- 
| vantageously be devoted to it. The water is made to 
move by the movement of the steam. A very simple 
and satisfactory way of demonstrating this is to sub- 
stitute air for steam. 

There can be no question then of heat having any- 
thing to do with the matter. Fig. 6 will serve to illus- 


A 


|trate our meaning. The apparatus being filled with 
cold water in which a little sawdust is suspended, it is 
|only necessary to blow into the tube, A; a constant 
|stream of bubbles will ascend through B, and these 
will set up arising current, while the water will descend 
in C. 

The velocity with which a steam bubble would as- 
cend would be enormous but for the resistance of the 
liquid through which it moves. The weight of a cubie 
foot of steam at atmospheric pressure may be regarded 
as next to nothing, but inasmuch as it displaces, when 
in water, a volume weighing 6214 Ib., it follows that the 
force urging it torise is 6245 lb. Now, the acceleration 
due to the action of gravity is equal to 82 ft. per second. 
That would be the velocity acquired by a “mass” 
weighing 624g Ib. on which was impressed a force of 624 
Ib. But in the case of our cubie foot bubble of steam, 
there is practically no mass, while there is still a force 

of 6245 Ib. acting. Let us, for the sake of argument, 
assume that the bubble of steam weighed one pound ; 
then the buoyant foree being sixty-two and a half 
times that of gravity, the bubble would acquire in 
a second a velocity =32 621g =2,000 ft. per second, and 
would traverse in that time a space of 1,000 ft. Of 
course, no such velocity as this is ever attained, because 
we have the very great resistance of the water retard- 
ing the bubble. 

There is, besides, another and important action to 
be considered, which modifies the velocity of the ascend- 
ing bubble. Let A—Fig. 7—be a tall vessel containing 


Fic, 7. 
At the bottom is a hollow empty box, of one 
cubie foot capacity. Let this box be retained at . 
bottom by a cord or other expedient. The center 
gravity of the body of water in A will then lie some 
where above the middle line C, let us suppose at © 
If now the cord is cut, B will rise to the top and take 
the position shown by the dotted lines, F, But B can 


water. 
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by virtue of the center of gravity of the whole 
in A falling, say, to ¢, and the velocity 


cb A rises is ultimately limited by the rate at 
which the eenter of gravity can fall. But a little re- 
flection will show that the cross section of the mass of 
the water, OF, rather, the relation of the mass of the 
water to that of the space re »resented by the box. B, 
has aD important influence. hus it will be seen that 
while B has to rise to FP, the center of gravity of the 
eontentsof A has only to fall fromd toe. The only 
importance which this facet has in connection with 
water tube boilers is that the larger the descending 
yay t 
mathe velocity at which a bubble will ascend. 
Popularly speaking. bubbles of steam “float” to the 
top; but they aequire almost at their first formation a 
high ascensional velocity. We have for the sake of 
simplicity spoken of the bubbles as nearly without 
weight, but especially when we have high pressures, the 
steam bubbles really have an appreciable weight. 
Thus steam with a total pressure of 175 lb. weighs 0°39 
Ib. per cubic foot. Thus each bubble has momentum. 
It may be said to start, to begin with, at a high velocity, 
and from first to last it is kept back by the water 
through which it is moving, It pushes this water be- 
fore it, and the result is an upward current, which, as 
far as the water is concerned, is not opposed by any re- 
sistance save that of the friction of the tubes and pass- 
ages. If, then, as we have said, we take care to give 
the steam sufficiently good means of escape from the 
place where it was made, no evil consequences can en- 
sue, no matter how much the boiler is forced; there 
will always be water ready to take the place of the 
steam. 
“t is by no means easy to make the action of steam 
and water under the conditions present in a water 
tube boiler intelligible to those who are unable to dis- 
tinguish mentally between ‘‘mass” and weight. We 
believe, however, that we have said enough to make it 
clear that the velocity with which a bubble of air or 
steam will rise in water would be enormousiy greater 
than the rate at which an equal mass of matter would 
fallin air, were it not for the resistance of the water. 
On this point it is worth while to quote Mr. Krauss, of 


with hi 


Vienna, who, writing on circulation in water tube) 


boilers in an American contemporary, Power, says: “ If 
the surface of the water is 4‘¢ ft. above the steam bub- 
ble, the velocity of the bubble at the moment of striking 
the surface of the water will be 246 ft. per second, fric- 
tion and other resistances in pushing aside the sur- 
rounding body of water being neglected.” In this cal- 
calation the weight of the steam bubble and of a body 
of water the same size as the steam bubble are taken 
into consideration. 

Mr. Krauss continues: “‘ But it is a condition that 
the surrounding body of water may be pushed aside. 
if this is not the case, and a vertical tube be put over 
the steam bubble, it is seen that the bubble when ris- 
ing must raise the column of water above it as well 
as that beneath it. The potential energy necessary 
may be supposed to be furnished by another and 
neighboring column of water. If the tube with the 
bubble is closed at the lower end, no movement can 
take place, the potential energy having no opportt- 
nity to change into kinetic energy. f the bottom of 
the tube is only partly closed, the movement of the 
column will be much slower than when the whole area 
is open.” 


he greater, other things being equal, will ' 


should be made as in Fig. 8. Constructive difficulties 
interfere, however. The tube ends become more or less 
inaccessible, because of the guide plates, A A, and cer- 
tain other disadvantages are incurred. But neverthe- 
less it is certain that we have here the elements of con- 
struction for a boiler that will bear forcing without 
priming. 

If our readers will turn to Fig. 5 they will see that 
so long as the current is constant, or nearly so, in the 
rising limb, it must be constant throughout the whole 
length of the pipe; and it matters nothing what the 
length of the horizontal portion of the pipe is, water 
will flow through it for the sufficiently obvious reason 
that if it rises in one leg it will descend in the other, 
and consequently ust move along the horizontal por- 
jtion. That is to say, if we get the water to move in 
any part of a tube, it must move in the whole. The 
only agency which could prevent this would be the 
formation of steam somewhere in the length of the 
tube, which could not get away, and would prevent 
— further advance of water from the rear or lower 
end, 

Now, if we take any boiler of say the Root type, we 
find that each inclined tube is virtually provided with 
arising and a falling leg in the shape of the ** head- 
}ers,” one at each end, and those tubes which are low- 
|est and nearest the fire have longer legs than those 
| which are higher and further removed from it. In one 
| sense this is right, for it might be reasonably expected 
| that a better supply of water will be secured to the 
‘lower tubes, which most need it, because the upward 
| and downward forces impelling the water along the 
|tubes are, in some ill-detined ratio, the greater the 
| longer the rising and falling tubes are. But in other 
| respects the arrangement is defective, because, as we 
|have already pointed out, numbers of tubes arranged 
j}above each other debouch into the header; and the 
{rush of steam and water from the lower tubes is ham- 
| pered by the rush from those above. But this is not 
jall. When boilers of this kind were first made, it was 
}assumed that they would give beautifully dry steam ; 
land no steam receiver or separator, save a tube which 
| was little more than an enlargement of the steain pipe, 
| Was provided. 

But as experience was gained, it was found that very 
large steam drums must be added, and we find such 
boilers fitted now with one or even two drums, 3 ft. 
‘or even 4 ft. in diameter, and 10 ft. or 15 ft. long. 
These are about half full of water. It was a favorite 
|arguinent for tubuious boilers, that inasmuch as there 
| was no vessel of large diameter holding a great deal 
!of steam and water, they were safety boilers in the full 
| sense of the term. Obviously, the use of this argument 
|is incompatible with the presence of one or two great 
| receivers, and consequent y we seldom or never hear 
anything about “safety boilers” now. Early in this 
|article we stated that circulation in a water tube boil- 
er was a necessary evil. It is necessary in the sense 
lthat it cannot be avoided; it is an evil in the sense 
that it is the cause of priming. No doubt it may be 
|said that if the boilers were properly constructed the 
| priming would not take place, but then certain struc- 
/tural difficulties would be ineurred. It is now time 
to discuss this branch of the subject more fully than 
| we have yet done, 
| If we examine most of the inclined tube boilers, we 
shall find that the ** header” or “riser” communicates 
with the receiver above through a comparatively con- 


sided stayed chamber, instead of into sectional jointed 
headers,” often made of malleable cast iron, cheap 
and easily renewed. As it is absolutely essential that 
the tube ends should be accessible, doors or their 
equivalents must be provided ; and these will be un- 
der pressure and must be jointed steam and water 
tight. In this circumstance lies one of the great differ- 
ences between boilers with water inside the tubes and 
those with water outside them. In the latter we have 
only to make one set of joints— those bet ween the t ubes 
ont tte tube plates—tight. In the former we must 
make not only the tube ends tight, but the access 
doors as well, and the latter is the more difficult of the 
two. If now the design we have sketched in Fig. 10 
were carried into practice, the front plate of the heart 
must either be fitted like the lid of a valve chest with 
studs and nuts, so that it could be taken off, or else it 


must have as many, or nearly as many, holes as there 
are water tubes, fitted with doors, one opposite each 
| tube, and, in addition, the flat sides would have to be 
|stayed. The result would be, of course, that in a large 
| boiler it would be nearly a day’s work to get a front 
| plate off to clean or replace perhaps only a single tube. 
However, boilers with removable plates were made by 
| Dr. Alban with success, and they have also been tried 
|in the United States, not, however, so far as we can 
|learn, with much satisfaction. That is to say, such 
| boilers have not become popular; they have not been 
‘a commercial success. We find that most akers build 
| up the headers and deliver all the steam made through 
| comparatively contracted necks and rely on the action 
|of the receivers for getting the steam dried. That the 
| result is, on the whole, satisfactory seems to be demon- 
| strated by the popularity enjoyed by water tube boil- 
ers for electric lighting and other purposes on land. 
But it must never be forgotten that such a method 
| of construction is quite unsuitable to forcing. The ef- 
| fect of that is to drive such a torrent of water, mixed 
| with steam, into the receiver that no subsequent mani- 
| pulation will prevent priming. 
| Wedo not hold, however, that this is any disparage- 
| ment of a very useful class of steam generator. On the 
| Continent it has long held a high place place in popu- 
lar esteem. It permits the adoption of grates so large 
that any kind of fuel may be burned, even town refuse ; 
and, provided the boilers are not hurried, they wil! 
|give steam about equal in quality to that obtained 
from a Lancashire boiler. In this country we have 
| not been content with this. We have tried to get more 
out of the boiler than it was ever capable of doing. 


In practice the velocity with which the steam bub-| tracted passage or neck. For obvious reasons none | We have attempted to win the Derby, so to speak, 
bles ascend is, as we have explained, controlled and | of our skeches are intended to refer to any particular | with a cart horse, and then we have fallen foul of the 


limited by the friction and resistance of the water. 
Unless the steam can get away as quickly as it is formed, 
it must accumulate; but steam and water cannot be 
in the same place at the same time, and if steam takes 
the place of water in a generating tube, then that tube 
will be overheated. The deduction to be drawn from 
all that we have said is that, to all intents and pur- 
poses. steam will invariably get away in any vertical 
tube so fast that overheating is impossible if only the 
steam is given fair play. Thus, for example, if we 
take such a model as that shown in Fig. 1, making the 
whole affair of tin plate put together with soft solder, 
the lamp may be replaced by the fierce heat of asmith’s 
fire, without melting the solder, provided care is taken 
to prevent the emptying of the whole apparatus by the 
water being thrown out. In one word, the essential 
point in a water tube boiler is to facilitate the escape 
of the steam from the generating or heating surfaces. 

So far it will be seen that we have dealt only with 
the motion of steam and water in vertical tubes or 
pipes. Buta very large number of water tube boilers 
generate steam in inclined tubes, The inclination is 
given because a bubble of steain will run to the higher 
end in precisely the same way that a bubble of steam 
runs to the higher end of a spirit level. Those who 
have followed what we have said so far will now see 
without further explanation that the velocity with 
which a bubble traverses an inclined tube must be less 
than that with which it traverses a vertical tube, un- 
less some other agency than the slope of the tube is 
brought to bear. 

What these agencies may be we shall consider later 
on. Our readers will not, however, be slow to 
perceive how important it is that ‘‘headers” or 

risers” in boilers of this type, through which the 
Steam ascends to the receiver or drum above, should 


\W> nes 


> ample dimensions. One reason why_boil- 

type will not stand forcing is simply that 
the bu — are too contracted in dimensions, while 
ether es are allowed to interfere with one an- 


When boilers of this type are intended for driving or 


boiler. But Fig. 9 will explain what we mean by a 
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eontracted passage. A is the riser or header into which 
|open the ends of the generating tubes. It is not re- 
markable that as the whole of the steam generated 
has to pass up through the neck, C, there is a violent 
uprush of steam and water quite thoroughly mixed, 


and a very considerable cubical space is required to | 


give time for the water to fall away from the steam. 
The sketch in no way exaggerates the conditions in 
many boilers which we have seen. The result of the 
— free adoption of this method of construction 
| has been the invention of a host of devices for getting 
|dry steam. Of course prevention is better than cure, 
‘and if due care is taken to provide for the free deliv- 
ery of the steam, there will be very little trouble from 
egy: which there must be so long as the steam 


as to rise through a great depth of water and escape | 


cart horse as though it were his fault. The result of 
pristine failures was that for many years the water 
tube boiler met with small favor in this country. We 
may digress here for a moment to say that we believe 
that it will be found advantageous to adopt a special 
name for water tube boilers which will stand forcing, 
and we do not think that a better word than “express” 
is available. Now, experience extending over many 
years has shown that no water tube boiler with long 
nclined tubes of large diameter can do ‘ express” 
work ; and to avoid all chance of being misunderstood 
on this point, we shall summarize the reasons why they 
cannot. 

But in doing this we shall leave out of consideration 
all objections which might be urged against them, on 
the ground of their external characteristics ; such, for 
example, as the necessity for placing them in brick 
ovens, their great length, ete., and confine ourselves 
to what goes on within them. The first objection is 
that the tubes being of considerable dimensions, say 
4 in. diameter and 12 ft. to 15 ft. long, the qualities 
,available in the market, although very good, are not 
good enough to stand for any lengthened period the 
tremendous heat due to forcing the fires. The second 
objection is that the tubes immediately over the fur- 
naces are exposed to so high a temperature that they 
are bound to make an enormous volume of steam, and 
the length of the tube is so considerable, and the de- 
livery of steam from it so hampered, that it never can 
contain much but froth when the fire is driven, and 
very great risk of burning and splitting the tube is en- 
tailed. In the third place, the delivery of steam from 
the tubes takes place through an area so contracted 
that priming can scarcely be avoided. Other argu- 
ments might be adduced, but after all they do not seem 
to us to be needed, for no one in the present day 
dreams of forcing boilers of this type. We have only 


| through a small surface. 


To provide a free delivery | referred to their unfitness for the purpose, because 
forthe steam, the neck should be entirely dispensed | they have been tried for marine purposes and failed, 
with and the risers worked into the steam drum in a, and because even now patents are constantly being 
way that will be very easily understood from the | taken out for boilers which are but modifications in 
sketch, Fig. 10. | detail of the Root or De Naeyer type, intended to 
We are not aware of the existence of any boiler made | adapt them for use at sea. The express boiler is radi- 
in precisely this way, but we do not pretend to say | cally different from the normal tubulous boiler. It is 
they do not exist. But it is easy to see that the method , almost a new departure in boiler engineering, and we 
of construction entails difficulties and is open to objec- | have now to consider why it does work that its prede- 
tion. Thus a boiler so made would not be eminently | cessors cannot. 
portable, because it could not be in the proper sense | 
of the word sectional. As to first cost, it is possible 
that the reduction which might be effected in the size a Se 
of the steam receiver would compensate in part, at; CycLine@ In Russ1a.—The bicycle is but little en- 
least, for the extra outlay on construction ; but on this couraged in St. Petersburg. Wheelmen there are re 
point we are doubtful, because the plain cylinders with stricted to the use of certain streets, which are for the 
dished ends, which are used as separators, are, after most part so wretchedly paved as to make riding 
all, about the cheapest possible expedients that can | through them almost impossible. No person under the 
be made. But, furthermore, it will be seen that such | age of eighteen may enjoy the privilege of cycling, and 
a design entails a radical change in the whole method |no very high machines are allowed in the streets. 
of construction. It would, in effect, mean a return to, Another order provides that after dark no cycles of 


(To be continued.) 


foreing, the header, or “heart,” as Dr. Alban called it,'Dr. Alban’s “heart,” the tubes opening into a flat- any sort shall be permitted, 
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THE AUTOMATIC BALANCE 
CATING MACHINERY AND 
VENTION OF VIBRATION.* 


By W. Worsy Beaumont, M. Inst. E. 


VIBRATION, set up by machinery of various kinds, 
has often given rise to problems of great difficulty, and 
the cause of the vibration has sometimes been as obscure 
asthe phases of variation in its transmission have been 
mysterious. The character of the vibration differs 
with different classes of machinery and with the same 
machinery working at different speeds. It is intended 
in this paper to deal with a limited class of machines 
and to refer more particularly to those in which the 
essential parts reciprocate or gyrate at a high speed or 
not ata low speed. It is, moreover, intended to deal 
chiefly with machines in which the reciprocating or 
gyrating part receives motion from a source, and is not 
the source of rotation, as in steam engines, although 
brief reference will be made to vibration set up by the 
latter, and to its possible prevention. The tendency 
of any unsymmetric mass to rotate about its center of 
gravity, and to rotate the axle or shaft upon which it 
is running round that center, when it is not coincident 
with it, may be prevented, by additions to the mass 
which move the center of gravity of the whole to the 
center of rotation, This simplest case, however, is fre- 
quently complicated in practice by the impossibility of 
jlacing the rotating parts in the same plane. General 
y, the difficulties in connection with these cases are 
much less than those in which a motion of reeiproca 
tion or of gyration is imparted by means of a rotating 
part, 

In almost all cases, motion of one or other of these 
kinds in the machinery now to be considered is effected 
by a crank shaft and conneeting rod, or an equivalent 
of these; and, except where the crank has three or 
more dips connected by rods, which move reciprocat- 
ing parts simultaneously in opposite directions, the 
perfect balance of such a crank and connected mecha- 
nisin is very difficult and almost impossible. 

In some cases, the use of a heavy fly wheel, with 
only as much unsymmetric weight as will balance the 


erank and the connected reciprocating parts, will ap- 
proximate to this result; but the weight of wheel ne- 
cessary to secure the smooth running of machines in 
which the main parts are reciprocated at high speed 
has numerous practical disad vantages, which generally 
precludes its use, It is common to balance, as it is 
ealled, the crank and connecting rod by eccentric 
weights, which frequently are very much heavier and 
at the speed of their rotation have womentum mach 
greater than the parts supposed to be balanced. This 
is in consequence of the necessity for opposing the in- 
ertia of motion, not only of the crank and connecting 
rod, but of the heavy reciprocating part operated by 
the crank, and alternately its inertia of rest. This ne- 
cessarily throws large stresses upon the crank shaft 
and its bearings, which form the abutment against 
which the ‘pull and push of the crank acts and re- 
acts. These bearings have to be—in all cases—fixed to 
the framing of the machine, part of which is to be re- 
ciproeated or gyrated, or to something which relative 
ly to that part is at rest. The action and reaction 
resulting from the working of the machine is therefore, 
except in so far as it is balanced in one direction, trans- 
mitted to the framing of the machine, or the building 
foundation, or floor to which the bearings are attached. 
By the use of heavy eccentric weights on the crank 
shaft in the way mentioned, the effect of the push and 
pull on the connecting rod may, in the direetion of mo- 
tion of the thing reciprocated, be eliminated, but in the 
direction normal to this, a nearly equal action and re- 
action is experienced by the bearings in consequence 
of the influence of the rotating eecentric weight. This 
may be shown by reference to the diagram, Fig. 1, in 
which A represents the part to be reciprocated ; B, the 
erank shaft; C, the connecting rod; and D D, eecen- 
tric weights, in the form of disks, beavy on one side. 
In the direction of the length of the part A, which 
may be a sieve of the several kinds used in flour mills, 
or a screen for crushed minerals, the inertia and mo- 
mentum are equal, and are approximately balanced by 


those of the eecentric rotating weight, D. but in the! 


vertical direction, as indicated by the arrows, E E; the 
work done by the weights, D, in balancing forces in a 


* A lecture before the Society of Arts, London, Feb, 7, 184. From the 
Journal of the Society 
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| horizontal direction is also done in the vertical diree- 
| tions, E E, by these weights, or, more correctly speak- 
ing, the vertical upward and downward force exercised 
| by these weights is nearly as great as the horizontal 
backward and forward force exercised by them in bal- 
aneing the movement of the reciprocating part. This 
foree, the vertical action of the rotating eccentric 
weights, sets up vibration in the floor or foundation 
on which the machinery stands, and, generally speak- 
ing, the action of the weights is not confined to a ver- 


tical direetion, but departs therefrom sufficiently to} nature of a mechanical paradox ; but it secures a 


set up racking stresses in the frame of the machine. 


in which vibration is set up by reciprocating 


may be so constructed that the waste referred to 


| not only be prevented, but may be converted int 
ful work, employed in the operation of the essen 
| parts of the machine. It will be shown that this - 
| be done in such a way that the parts operated shal 
experience much less severe stresses than in any of the 
arrangements commonly used. 

The method of working now to be shown ine 
|new mechanical motion, involving something 


Uke. 


ludes a 
of the 


feectly automatic balance in itself and in the thing it 


Fig. 3 


and some idea of how much that loss may be can be 
| shown by the working of the model marked A. Fig. 2. 
| In this model, vertical motion of small range is impart- 
fed by a crank and connecting rod, C; the weight of 


eccentric weight, W, on a disk, B, on the crank shaft. 
So long as the piece, D, to which motion is communi- 
eated is thus operated, the eecentrie weight acts as a} 
balance weight; but it will be seen from the indicators 

on the model, which, for the purposes of explanation, 

magnify the range of vibration set up, that the effect 

of the push and pull on the arm, D, of the machine | 
represented by the model is very considerable. In this | 
respect it represents the condition of working of a good | 
many machines—vibration—whiech is only prevented 
by excessive strength and excessive weight. Some | 
idea of the effect in the vertical direction of the bal- | 
ance weights, D, used in the machine represented by 

Fig. 1, may now be conveyed by allowing the corre- 
sponding balance weight, W. in the model, Fig. 2, | 
' free scope, by placing the crank shaft and its bearings 
on the part, D,of the machine represented by the model 
to which reciprocating movement has to be communi- 
‘ated as shown also in Fig. 3. The connecting rod is 
dispensed with, and the framing of the machine is re- 
lieved of the bearings, so that any work in the vertical | 
direction, or force exerted by the balance weight, will | 
now be expended on the part to be moved, and only on | 
that. The balance weight is now unbalanced by that | 
of the conneeting rod and its connections, and by rota- 


ting the crank shaft it will be seen that the essen- 
tial part of the machine now receives vertical move- 
ment, just as it did before the connecting rod was re- 
moved. This is the effect when the speed of rotation 
is greater than the elastic period of the part D of the 
machine moved. If, now, the speed of rotation be 
altered, so that it may coincide with the elastic period 
of the part, D, to which the shaft is attached, it will be 
seen that this same little, out-of-balance weight will 
set up motion of a very large range. Thus may be 
afforded some idea of the harmful vibrations which 
may be set up in the floors and walls of buildings con- 
taining machinery, in which forces, otherwise unbal- 
anced, are originated. It must be noted that the force 
which gives rise to the vertical movement in the ma- 
chine shown by the model is equally active in tending 
to produce motion in the direction of the length of the 
reciprocated part, and it is only opposed by the weight 
and fixity of the frame of the machine. he force is, 
however, available for setting up motion or vibration 
in the horizontal direction of that to which the ma- 
chine is attached. 

Very many machines, such as that represented in 
diagram, Fig. 1, may be made to perform their work 
by a gyratory instead of a reciprocating motion, and 
such machines in considerable numbers and of several 
kinds are used for the sorting and sizing of grain, 
crushed ores, and in flourmills. A simple form of such | 
a machine was represented by a diagram on the black- | 
board, in which, as before, A represents a sieve ; B, a| 
erank shaft; C, a crank disk carrying a crank pin, by | 
which motion is given to the sieve. The disk, C, is 
heavily weighted on the side opposite the crank pin, 
so that the disturbing forces, set up by the gyrating 
sieve, may be, to some extent. balanced and thereby 
eliminated. The reaction, however, of the force exert- | 
ed by the crank pin is equally and oppositely experi- 
enced by the bearing, B, with the result that the fram- 
ing of the machine within which the sieve, A, is sus- 
pended must be made of great strength, and it is 
commonly necessary, even with this strength, to pre- 
vent the rocking of the frame by connecting it by struts 
or ties to the building in which it is fixed. Now the| 
whole of the work expended in setting up vibration of | 
the frame of the machine or the building containing | 
it, is not only waste work, but it is a very harmful 
waste. 

It is one of the chief objects of this paper to show 
that by far the larger proportion of all the machines 


| 


The whole of the work done in this way is lost work, | operates. 


the crank and connecting rod being balanced by an | 


Instead of attempting to make an accurate 
balanee, according to methods hitherto adopted, the 
author proceeds in an exactly contrary direction, and 
purposely puts that which gives rise to the motion out 
of balance. 

The cause of vibration, which has hitherto been a 
source of the greatest trouble to mechanical engineers, 
is thus converted into a useful servant, and in many 
eases that which has been a harmful mechanical by- 
product is utilized and made to do the whole of the 


FIG 7 


work of which it is an offshoot. In brief, the cause of 
vibration is converted into a vibromotor. 7 

In the model marked B is a part corresponding © 
that marked A in the diagram, Fig. 1, operate ‘ 
means of a crank shaft and weighted disk. Te the 
frame is attached an indicator, which makes visible 
the vibration set up in it. by the wasted reactions. ‘By 
removing the crank shaft from the framing, and lea” 
ing the latter only the work of supporting the.sie¥v® 
and then operating the sieve by the means whiel’ne* 
have to be described, it will be seen that the frame™ 
relieved of those stresses, and, therefore, of the vibt 
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effects, while the work of operating the sieve is 
jally lessened. — To the sieve is attached the bear- 
‘oe for & small spindle which earries an eccentric 
ing nt, W. Figs. 5, 6 8, 9, equivalent to that of the 
welg ted part, C, of the crank disk, in other words to 
an unbalanced eccentric weight. Chis small 
—, js rotated by a flexible or jointed connection, 
spe ich is free to move with the movements of the 
Ge ‘ow, as will be seen from the working of the 
‘'B, the rotation of this eccentric unbalanced 
weight sets UP movement by its reaction at every part 
of its rotary path, but it is now running in a bearing, 
whieh is attached not to the framing of the machine 
orany fixed part, but only to that which has to be 
noved, namely, the sieve, A; hence every action and 
- , now set up respectively by the rotating eccen- 


sieve. 
model, 


Tie weight and the sieve is expended entirely in the 
operation of the latter. This being the case, there is 


now no Vibration set up in the framing of the machine, 
as is shown by the quietude of the indicator, which be- 
fore Was violently agitated. Other models, C, D, are 
chown, which further illustrate this, motion being con- 
1 one case, to a reciprocating part by a driving 
spindle which runs in a bearing attached to a freely 
suspended frame. Another model, similar to that 
shown in Figs. 5, 6, 7, 8, 9, is also exhibited in order to 
show how a gyrating screen may be operated by means 
which automatically balance all the disturbing forces. 


veyed, ir 


It iscommon with most classes of machinery by 
Which buildings are set in vibration to oppose the 
movement which the disturbing force tends to set up 
by the inertia of very heavy foundations ; but there is 
the objection to this that the wear of the bearings of 
the machinery is greater than it would be if it were 
possible to obtain perfect balance of the moving parts. 
The system is, moreover, sometimes not successful, 
even very heavy foundation work failing to prevent 
the vibration of buildings. The models and diagrams 
herein referred to show that, in many cases, this may 
be obtained, and it will have been seen that this is 
done by permitting the main parts of the machine 
to move through a range which is precisely in pro- 
portion to the disturbing force and the thing which 
it disturbs. In many cases where the whole of the 
disturbing force cannot be thus utilized, the absence of 
perfect balance may be rendered harmless by permitting 
motion through small range in that which experiences 
= 9 effect of that want of balance ; and, in gen- 
omnis rey be said that undesired vibration is the 
by of opposing a force which can either be avoided, 

Y proper balancing of machinery, or prevented by 
ting a small range of movement in that ma- 
oa instead of endeavoring to hold it absolutely 
It is a matter of common knowledge that 

gine drivers and engineers on many of the old steam- 
bolts the habit of allowing their holding-down 
others, to be loose purposely, be- 
to be lew 1is the shaking of the boat was observed 

7 ess, though the reason given was that the en- 
gine ran more smoothly. 

BE steam engines the difficulties con- 
rotating the balance of reciprocating parts by 
that diffes centric weights are complicated by the fact 
ont ans rotating unsymmetric parts lie in differ- 
among othe vat it has been shown by Mr. Yarrow, 

y erg that considerable relief nay be obtained 
weights opposite the cranks, after the 
effect of rn those shown in Fig. 1, but although the 
ne ef the piston and connecting 
up ihe thus eliminated, the eccentric weights set 
cf rn on in a direction transverse to the line of re- 

Procation. Mr. Yarrow has also gained good results 


with small engines, by oppenins the vertical motion that 
would otherwise occur, by the inertia of what he has 
termed bob weights. These have, however, the disad- 
vantage that they have to be operated by eccentrics 
which are not frictionless. Such weights, however, 
might be used, working horizuntally in conjunction 
with the balance weights on the crank, but so operated 
that their inertia would be opposed to the horizontal 
movement which is set up by the eccentric weights on 
the crank shaft. In some cases engines of the marine 
form, instead of being fixed toa bedplate on the bot- 
tom framing, might be suspended near the bottom of 
the cylinders, by framing which would permit motion 
through a small range, and when we consider how 
small that movement need be, it is not improbable that 
connecting the crankshaft with the screw propeller 


shaft by couplings such as those used in the 
French navy, the vibration might be entirely 
avoided. This may by reference 


be explained, 
to diagram (Figs. 11 and 12), which represent a 


Fics. 


Fic. 12. 


vertical engine, with the erank, conneeting rod, and 
piston balanced, as against vibrating motion in a ver- 
tieal direction. The same motion is not, however, 
balanced, or, rather, prevented, in the horizontal 
direction, but may, in such cases, be aggravated by 
the excess of the weight, D, over that necessary to bal- 
ance the crank, the piston, and about half the con- 
necting rod. In many cases, it would introduce prac- 
tical difficulties in connection with the steam pipes if 
the engine were allowed to move horizontally, as sug- 
gested ; but when this is the case, the engine may be 
fixed, and a weight or weights, W, be moved by an 
eecentric in a horizontal direction. This would neu- 
tralize the vibratory tendency ; the weights would not 
be very large, and may be easily predetermined. The 
diagram, Fig. 12, shows the engine carried by a large 
trunnion shaft. Assume that the engine represented 
by Fig. 11 weighs say two tons, and that it is balanced 
as to vertical forees by the weight, D, and that this 
same weight is say 200 pounds greater than is re- 
quired for the balance of the forces set up by the parts 
moving horizontally ; then the horizontal movement 
of the engine, which might beset up by this excess 
weight, would have a range of half an inch. But if 
we make the excess weight move something as indi- 
cated by the sliding or suspended weights, W, shown 
on Fig. 11, then the vibrating tendency may be practi- 
eally eliminated by using two weights of 400 pounds, 
having a stroke of 3 inches. On the other hand, if the 
engine be suspended as in Fig. 12, and the weight on 
which the effect of the eccentric weight of 200 pounds 
can be expended be one ton, then the swing opposite 
the crank will be one inch. 

Model E is intended to illustrate the fact that piers 
of bridges which, during construction, have been 
loaded with weights considerably greater than those 
they are intended to carry, have been known to settle 
afterward, under the influence of vibration caused by 
passing trams. The model, E, represents a small 
weighted pier, standing in a box of granular material, 
into which it does not sink, although loaded. Upon 
setting up vibration of very small range, by means of 
a vibromotor on a horizontal axis, the pier immediately 
and rapidly sinks into the material. 

As further illustrations of some points in connection 
with the vibration of buildings, a model is exhibited 
which shows how vibration, set up by machinery in 
one part of a building, may give rise to vibration of 
very different intensity and degree in different floors 
of that building, and how evidence afforded by two 
sets of observers may be contradictory and yet both 


| perfectly true. Model F shows a number of super- 
| posed blocks intended to represent a small section of a 
| structure such as a wall. When that upon which this 
stands is caused to vibrate, different parts of this 
column have very different ranges of movement. 
Figs. 13 and 14 and model G are illustrative of the 
usual method of balancing a rotating thing, such as 
the armature of a dynamo or the drum of a thrashing 
machine. Fig. 13 may be taken as representing either 
of these resting on a pair of level knife edges which 
are commonly used for balancing purposes. When a 
drum is out of balance it will rest on these knife edges 
' when the heaviest part, or the part most eccentric, is 
downward, To balance the drum, counterpoise 
weights are attached somewhere on a diameter oppo- 
| site this heaviest part until the drum is indifferent 
|and will rest wherever it is placed on the knife edges. 
| This it will do even if the balance is effected by add- 
| ing balancing weights at either A or A', Fig. 18, and for 


Fig. 13. 


a stationary thing this would be sufficient ; but it is 
misleading for high speed machinery. It has been 
pointed out by Mr. G. Kapp, with reference to ap- 
paratus he uses for balancing dynamo armatures, that 
the added counterpoise must be in the same plane as 
the excess weight, which throws the armature out of 
balance, or each weight will act separately in setting 
up vibration by causing the structure of which it 
forms a part to endeavor to revolve round the center 
of gravity of the whole, which is not either at A or A’ 
coincident with that of the shaft. With a view to the 
detection of the site of the eecentric weight throwing 
the whole out of balance, it is necessary to rotate it at 
a considerable speed, and in such a way that itis free to 
vibrate as it chooses. This can be done as shown in 
Fig. 14, wherein the armature, A, is placed in bearings, 


Fig. 14 


' and B®, carried by suspenders, C and the arma 
ture spindle being rotated by a flexible spindle, 8’ 
driven by a pulley at E. The bearings, B' and B*, be- 
ing free to swing, the amplitude of their movement 
will, either of them, depend upon the departure of the 
mass center of the spindle, and it can be seen whether 
the counterpoise is required at one or both ends. 

The same thing may be found by suspending the 
armature spindle vertically from a vertical rotating 
spindle by means of a shackle and hooked rod. This 
is shown by the model, G, and the whirling apparatus 
to which it isattached. The same apparatus affords 
the means of showing, by means of a spindle and 
eccentric weight as used in the vibromotor, and shown 
in Figs. 5 to 9, how various may be the vibrations set 
up by a spindle rotating an unbalanced mass at differ- 
ent or varying speeds. 

The fact that the wall model, F, moves is a proof that 
there is something connected with it that wants to 
move and we will not let it, or wants to move more 
than we will let it. Now this is bad policy, and 


the lesson to be learned from it is that, as we cannot 
| stop the unbalanced thing from moving, we had bet- 
ter make our calculations afresh on the assumption 
that that fact must not be ignored, and that it must 
be allowed to move. It is no use trying to stop it, un- 
less we give it something to expend its energy upon. 
We must let it move because we cannot help it, but 
we can help letting it move without taking toll. It is 
one of those ‘*‘forees in nature which we must direct 
for the use and convenience of man,” and in a general 
way it may be said that when a piece of mechanism 
wants to wobble, it is obviously either wrongly con- 
structed, or if it is not and wants to wobble, then let it 
wobble, but make it wobble something you want 
wobbled. In most cases it will not wobble so much 
and never so forcibly if we don’t try to stop its 
wobbling. 
APPARATUS FOR PREVENTING ACCIDENTS 
IN FACTORIES. 


SoME time ago Mr. Charles Cambon invented an ar- 
rangement that permitted, through an electro-magnet 
whose armature acted more or less directly upon the 
cock of the steain port, of employing the power of a 
motor for immediately stopping it, and that too from 
any point of the works. 

This arrangement, as simple as it was ingenious, had 
the inconvenience, however, of necessitating the in- 
tervention of an electric current, and, consequently, 
the installation of a dynamo or of batteries to furnish 
the energy at the moment desired—a complication 
which is slight, it is true, but which might sometimes 
suffice to cause a manufacturer to hesitate to pay the 
cost of the installation. 

The inventor, seeing this difficulty, has devised 
another apparatus based upon the same principle, but 
in which the freeing of the counterpoise that puts the 
system in motion is obtained ina still simpler way, and 
without an electro-magnet, by means of an ordinary 
air cylinder. This apparatus, represented in Fig. 2, 
consists of a eylinder, A, in which moves a hollow pis- 
ton, B, closed at one end and communicating at the 
other with a general air conduit, the ramifications of 
which, ending at different points of the factory, termi- 
nate in bulbs, G, or leather bellows, fixed to the 
|walls. The base of the piston is provided with a 


projection, A, which is on a level with the underside of 
a lever, C, movable around an axis, ¢, and the short 
arm of which, beveled at the end, supports one of the 
arms, D, of a bent lever whose other arm is provided 
with a notch in which rests the hook-shaped extremity 
of a vertical rod, E, carrying the counterpoise. 

pressure given one of the bulbs suffices to produce a 
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compression of the air in the conduit, and, consequent- two parts, one of which carries the driving pulley, P. 


ly, the ascent of the piston, B, and the freeing of the 
bent lever. 

in lieu of compressed air, rarefied air may be em- 
ployed by slightly modifying the apparatus so that the 


starting may be effected through the descent of the| wall or a strong framework. 


piston instead of through its ascent. 
In 


These drums are inclosed in hollow east iron disks, 
K and L, of the same form internally and provided with 
a rubber lining, H. The disk L is connected with the 
driving shaft, while the other, K, is bolted against the 
In the position repre- 
sented in the figure, the part of the shaft to the right 


Fig. 2 we show the apparatus as applied to the | revolves alone and without transmitting motion to the 


control of a disengaging gear through the passage of | part to the left. If thestarting bar, S T, be acted upon by 


the driving belt from the fast to the loose pulley. The 
shifting of the ungearing fork, K, is obtained, as in the 
case of the closing of the steam cock, by a toothed fly 
wheel, I, which the deseent of the counterpoise, P, 
causes to gear with a pinion, H, aetuated directly by 
the motor. 

In Fig. 1 is represented a certain number of other 


Bares 


Fie. 1.—VARIOUS APPLICATIONS 
APPARATUS FOR PREVENTING 
DENTS IN FACTORIES. 


OF THE 
ACCI- 


applications of the apparatus. Thus, No. L. of the fig- 
ure shows the system applied to the control of a 
brake, C, applied to a pulley, D, of wide diameter fixed 
to the main shaft of the engine or to the shafting that 
it is desired to effect the immediate stoppage of. 


| 


by a brake of a power greater than that of 
ones.— Revue Universelle. 


BLOWER FOR SMELTING ON 
SCALE. A LARGE 


IN consequence of the substitution of steel for 
metallurgical works are transforming their old 
atus so as to obtain better and quicker results, 


in Bet 


BLOWER FOR SMELTING HOUSES. 


pulling the cord attached to the extremity, T, the drum 


No. Ll. of the same figure shows the arrangement | is made to move toward the right and presses against 


for the closing of a serew cock placed upon the main 
steam pipe 

Finally, No. IIL. shows a new arrangement of brakes 
devised by the inventor and which permits of effecting 
a quicker stoppage of the shafting than can be done 
with the ordinary brake. 

The arrangement consists of a drum formed of two 


the lower edge of the disk. L, which carries it along. 


| The throwing into gear is effected without shock, as in 


the analogous systems of friction coupling. But if, 
through an apparatus like that represented in Fig. 2, 
connected with the extremity s, of the rod, a shifting of 
the coupling box be effected from the right to the left, 
there will first be produced a disengagement and then 


parts, M and N, inthe form of truncated cones, united | immediately a wedging of the box in the disk, K, and, 
at their wide base and keyed to a transmitting shaft in | consequently, an abrupt stoppage of the transmission 


Revue Fins 


Fia. 2. 


APPARATUS FOR PREVENTING ACCIDENTS IN FACTORIES. 


gium, especially, it is necessary to effect the smelting 
of iron very quickly. Very high cupolas of from 7 to 
8 meters between the dead plate and the throat of the 
furnace, and of the small diameter of 0°9, 1 or 12 me- 
ters, are employed in many works. 

With well conditioned cupolas, such as these, fusions 
of from 20 to 30 tons per hour are obtained. The fu- 
sion is very rapid, in consequence of the great height 
and the progressive heating of the layers of metal in 
measure as they descend upon the dead plate. By 
reason of such great height, it becomes necessary to 
employ very strong wind pressures. With a well cal- 
culated wind, conduits and tuyeres of a section propor- 
tional to the discharge and pressure, there is obtained 
a true puddling of the metal by the force of the wind, 
and the percentage of coke consumed is feebler— 
say about 4 kilogrammes per 100 kilogrammes of mol- 
ten metal. 

This great pressure necéssitates special blowers. Mr. 
Fareot has constructed apparatus of this kind that 
easily give great volumes with such pressures. : 

In the apparatus illustrated herewith the turbine is 
2°5 meters in diameter and the opening 0°62. The dis- 
charge is capable of reaching 6 cubic meters per second 
and the pressure 0°8 meter at 1 meter of water with a 
rotary velocity of 700 revolutions per minute. With 
this apparatus from 25,000 to 30,000 kilogrammes of 
metal per hour may be smelted. The apparatus runs 
without noise or vibration. The force of pressure (6 
cubie meters) per second to obtain such a result is 100 
horses of 75 kilogrammeters. : 

The very high pressure blowers consist of an iron 
plate turbine, the curve of the buckets of which is 4 


logarithmic spiral of the force @ = log. nat. p or p = & 
in which the tangent makes a constant angle of 45° with 
the vector radius. 

The bucket is inclined in the direction of the rotary 
motion. There is thus obtained an increase of centr! 
fugal force for the same number of revolutions, in con- 
sequence of the velocity of circumferential impulsion 
of the molecules of the bucket. 

The wind is produced at a pressure increasing exact- 
ly with the rotary velocity of the turbine. 

The turbine revolves in a cylindrical jacket, and the 
annular space between it and the latter is so u 
that the pressure is the same in all the buckets and the 
air escapes laterally through two pipes without pro 
ducing any vibration.—Le Genie Civil. 


FLOW OF SOLIDS. 


CHANGES of form are very slow—though rapid enough 
to explain the motion of glaciers—but pressure increases 
theirspeed. Tresea, of the French Academy, has proved 
by his beautiful and varied experiments that under 4 
certain pressure all solids ** flow ” like liquids, and 
their molecules obey in such cases the laws of the M& 
tion of liquids. x 

A block of lead, or of steel, or of ice, placed ina cyl 
inder and pressed upon, is made to flow out of @! 
in the cylinder exactly as a jet of water. It remains & 
solid ali the time, but its molecules, whose paths af 
rendered visible by a special arrangement, are seeD 
have acquired a certain freedom of motion, and to 
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in the very 


ole in a pail. 
. n eube of lead, steel, stone, or ice placed on a solid 


surface, submitted to a sufficient pressure or loaded 
with a sufficient weight, * flows ” sideways just as if it 
were a block of plastic clay. The only difference is 
that clay flows under its own weight, while steel re- 

vires an immense pressure 1n order to “flow” in its 
<= ein it stands bet ween the two—much nearer, of 
course, to the former than to the latter, if both are 
taken at ordinary temperatures. A thickness of a few 
hundred feet, or a corresponding load, would be quite 
sufficient to make it “ flow.” though remaining solid, 
even over a quite horizontal floor, and to behave in its 
spreading over the floor likea lump of plastic mud, 
provided its temperature is but a few degrees below 
zero. This is the net result of Tresca’s epoch-mak- 
ing experiments on “ the flowing of solids” under pres- 
sure, and these experiments have been fully confirmed 
as regards ice by the experiments of Helmholtz, I faff, 
and especially those of the Bologna professor, Blanconi. 
—The Nineteenth Century. 


RIDERS OF MANY LANDS. 


THat Colonel Dodge’s latest work is of distinct tnili- 
tary value would hardly be inferred from its title,* yet 
that is its motif, from the point of view of ove reader. 

One may be a horse lover and yet not familiar with 
the horse for war purposes. To him the red-white-and 
blue thread woven into this genuine “horse ta!k” is 
evidence that, in his trotting around the globe, Colonel 
Dodge’s * heart was true to Poll,” and that his patriot- 
ism never cooled a moment amid all the temptations 
of foreign lands. 

One of the first things noted is the catholic spirit 
with which the subject of Pema army is treated. 
Next to doctrinal questions there is no broader field 
for prejudice to disport itself in than in matters per- 
taining to the horse; his breeding, training and use— 
especially under the saddle. The author brings to his 
work practical experience among the various types of 
horses and riders described—not mere literary clever- 
ness; and therein lies the value of the book as part 
of a cavalry library. Each chapter is devoted to a 
minute description and temperate criticism of the 
method of riding peculiar to one of a score of the prin- 
cipal countries of the world, with much interesting in- 
formation as to the relative endurance under the sad- 
dle of various types of animals used—the horse, the 
ass, the camel and the bullock. 

Among the more valuable chapters, in this respect, is 
that upon long-distance rides, in which Colonel Dodge, 
after due mention of some of the best performances of 
modern cavalrymen, truly shows that the professional 
raison @etre for such experiments lies in the condition 
of man and beast for further work at the end of the 
ride. 

Thus the late Austro-German long-distance race was 
a conspicuous and inexcusable display of cruelty to 
animals, without the slightest military advantage ; 


in his element is bard to equal. ut after all it must | 
be allowed that in some matters equine we Americans | 
|are pre-eminent. I will venture to claim that in dis- 
| tance riding, which is perhaps the very highest form 
‘of horsemanship, we Americans are quite unapproach- 
‘ed. Added to all this, the fact that we have enriched 
the world with a brand new type in the trotter, and 
| that in racing and in polo and hunting we are fast 
eatching up with our English cousins; and while I do 
not wish to ‘claim everything,’ | think—to recur to 
my original word—that it must be ‘allowed’ that in 
all-round ability to breed. train and ride the horse to) 
the very best advantage, the American is primus inter | 
pares.” Sosay we all of us.—7. F. R., in the Jour. of | 
| the Military Service Institution. 
HOT WATER FUNNEL 
| I HAVE lately constructed a simple form of hot water 
funnel which, I think, is better in some respects than | 
the ordinary copper-jacketed funnel usually employed 
| for filtering liquids which require to be kept hot dur- 
ing the process. It consists of two glass funnels fitted 
one inside the other by an India rubber plug, A, on 
' the neck of the inner funnel, around which the outer | 
funnel fits as a collar. The top of the inner funnel 
projects somewhat in order that the filtering liquid 
may be conveniently covered. The interspace con- 
tains water, which is kept hot by blowing steam into 
it, and the excess of water thus formed is carried away 
by a constant level siphon, B: a strip of wet tape 
hanging over the edge of the outer funnel answers the | 
same purpose. 
The chief virtue of this kind of hot water funnel 
‘lies in the fact that it can be constructed in a few | 
minutes out of ordinary laboratory apparatus at a 
very small cost ; but it has a second advantage, for by 
employing steam to maintain the temperature instead | 
of the naked flame generally used with the copper- 


same way as molecules of water flow from the best halt-barbaric light cavalry in the world, and Senefru is known to have lived in the fourth dynasty, 


about 4000 B. C., and to have preceded Khufu, the 
Cheops of the Greeks, who was the great pyramid 
builder. Now, on Nefermat’s tomb the characters and 
figures are incised and filled in with colored pastes, 
which I have been able to examine, and it is of interest 
to know that this use of color was a special device of 
Nefermat, for on his tomb is stated that * He made this 
to his gods in his unspoilable writing.” In this unspoil- 
able writing the figures are all carefully undercut, so 
that the colored pastes, so long as they held together, 
should not be able todrop out. All the pastes used are 
dull in color, consisting entirely of natural minerals. 
Hematite, ocher, malachite,carbon, and plaster of Paris 
appear to be the materials used. Chessylite, as a blue, 
probably was known even at that date, but theartifi- 
cial blues seem hardly at this period to have come in- 
to use ; certainly they are not found in the specimens 
of the Nefermat colors which I have examined. An- 
other yellow pigment. far brighter in color, was also 
often used. It is a sulphide of arsenic, orpiment ; it is 
a bright and powerful yellow, again a body found in 
nature, but a much rarer body than ocher, and conse- 
quently, probably was only used for special purposes, 
when a brilliant yellow was required. As far as it is 
known at present, this pigment did not come into use 
until the eighteenth dynasty. Gold might even be 
placed among the yellow pigments, for it was largely 
used, and with wonderfully good effect. Its great 
tenacity seems to have been fully recognized, for gold 
is found in very thin sheets, and laid on a yellow 
ground, exactly as is done at the present day. 

These pigments are then simply natural minerals, no 
doubt carefully selected, and sometimes ground and 
washed previous to being used ; but the blue color 
which is so largely used by the Egyptians is an arti- 
ficial pigment, and consequently has far more in- 
terest attached to it than those already mentioned. 
It is a body requiring considerable care and ex- 
perience to make, and thus its manufacture enables 
us to some extent to judge of the knowledge and abil- 
ity which its producers had of earrying on a chem- 
ical manufacture. No doubt the splendid blue of 
the mineral chessylite was first used, but certainly 
in the twelfth dynasty—that is, about 2500 B. C.— 
these artificial blues were used. They are allan im- 
perfect glass, a frit, made by heating together silica, 
lime, alkali and copper ore.* The number of failures 
which may have occurred, and how much material 
mayehave been spoilt, cannot be known, but all blue 
frit which I have examined—and it is a consider- 
able amount, some being raw material, lumps as they 
came from the furnace. and the rest ground pig- 
ment—all has been, though differing in grain and 
quality, well and perfectly made. Now this implies 
that the materials have been carefully selected, pre- 
pared, and mixed, and that definite quantities of each 
were taken, this necessitating the careful measuring 


|or weighing of each constituent—an early application 
|of the fundamental law of chemistry, combination in 
definite proportion. The amount of copper ore added 
|determined the color; with 2 to 5 per cent. they ob- 


and such also would seem to have been the result of jacketed funnels, all risk of inflammable vapors from 


the detail of a well-fed and high-spirited officer and 
charger to carry Emperor William’s dispatch across 


eountry in the shortest possible time; the result of, 


this experiment, if it has any value, tends to throw 
suspicion upon the condition of the German cavalry 


for an immediate test of endurance such as might be | 


desirable in the event of war. 

As a feat like that of the Oriental horse and rider 
of 950 miles in 45 days, may be mentioned the ride 
of Lieut. William P. Sanders, Second U. S Dragoons 
(afterward Brig.-Gen. U. 8S. V., killed at Knoxville), 
who, accompanied by a sergeant, set out at a moment’s 
notice from Fort Crittenden, U. T., March 30, 1861 in 
pursuit of deserters, who were caught by him in the 
neighborhood of Los Angeles, Cal, and turned over 
at the nearest post fortrial. Sanders and the sergeant 
immediately returned to their post, arriving there on 
May 31, with the same horses, in good condition, hav- 
ing covered a rough and dangerous route of 1.600 miles 
in 59 days. Sanders’ mount—an average American 
horse—was used as an officer’s charger for four years 
during the civil war, and fell mortally wounded with- 
in the Confederate lines at Winchester in 1864. 

The book is unique in its combination of what may 
be termed professional data with popular literature. 
Sound horse-sense is deftly intermingled with light 
gossip on men and things from a globe-trotter’s stand- 

int. It is civil as well as military ; it discusses sport 
in a Frank Forrester vein, and treats of arms and ac- 
couterments of military uniform and mufti; with re- 
spectful comments upon the fair equestriennes of 
Egypt and Hawaii and the utility of the divided skirt. 
The author does not lack audacity, going so far as to 
find fault with Phidias and to intimate that there are 
limits to British horsemanship. 

If there are deficiencies in this work, they are of a 
character easily supplied—at least in another edition. 
The most serious one (and for this the publisher should 
share the blame) being the want of a table of con- 
tents. The illustrations are numerous, artistic and 
well printed. 

_ A quotation from the closing chapter of this charm- 
ing volume reads thus: 

“But after passing in review the ‘ Riders of Many 
Lands,’ when I again set foot on shore in the United 
States I could not but feel that this country of ours 
is the home par excellence of horsemen. This idea is 
not, I think, bred solely of national pride; my readers 
Will surely absolve me from narrowness or provincial- 
ism In the matter of equitation, or from any set scheme 
to rob other nations of their due. I am happy to ad- 
mit, for it is manifestly true, that the best sportsman 
in the saddle is the Briton. On the other hand, the 

rerman is as far and away ahead of him in military 
ng —that is, in the drilling of bodies of horse—as 
— Erenchman is ahead of him in the niceties of 
and manege riding. Where to place 
the —_ it h. hard to say With all due respect to 
a : or the race that produced the original strain 
a cod on which we all rely for our speed and en- 
: mane, I do not think that the best Arab is as good 
rte er as the best European or American ; while the 
4 —— Arab is, in efficiency, far below our riders un- 
der parallel conditions. The Cossack makes,no doubt, 
*“ Riders of 
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Lands,” by Theodore Ayrault Dodge, Brevet Lieut.- 


spirituous and other liquids becoming ignited is | 
avoided.—Charles R. Beck, in Chemical News. 


ANCIENT EGYPTIAN PIGMENTS.* 


THE red pigment used by the Egyptians from the 
earliest times is a native oxide of iron, a hematite. 
Most of the large pieces found by Mr. Petrie are an | 
oolitie hematite. One specimen on auvalysis gave | 
79°11 per cent. and another 81°34 per cent. of ferric oxide. | 
The pieces to be used as pigments were no doubt care- | 
fully selected, and the samples that I have examined, 
mostly from Gurob and Kahun, are very good in color. 

| All the large pieces were of a singular shape, having | 
| one side smooth and curved ; and in all cases this side 
was strongly grooved with striw, giving somewhat the | 
| appearance to the mass of its having been melted, and 
| allowed to cool in a circular vessel. No doubt the ex-| 
| planation of this smooth curved surface is, that these 
| pieces had actually been in part used to furnish pig- | 
'ments, and having been rubbed with a little water in 
|a large circular vessel, had been ground to this shape. 
| By experiment it was found that these pieces of the 
| native hematite yielded, without any further addition 
| by way of medium, a paint which could readily be ap- | 
plied with a brush, as it possesses remarkable adhesive 
| properties, and it resembles exactly, in every particu- 
\far. the red used in the different kinds of Egyptian 
| paintings. In addition to these samples of the pig-| 
| ments, all of which are native minerals and in their 
natural conditions, there are other reds, finer in color 
| and smoother in texture, evidently a superior pigment ; 
these apparently have been made from carefully selected 
| pieces of hematite, which have been ground and 
| washed, and dried by exposure to the air. Some of 
| these pieces are very fine in color, and it would be dif- 
‘ficult to match them with any native oxide of iron | 
‘that is used as a pigment at the present day. There is 
every reason to believe that this is the earliest red pig- | 
ment which was used, and it remains to this day the 
| commonest and most important one: it is a body un- 
|attacked by acids. unchangeable by heat, and even, 
| moisture and sunlight are unable to alter its color. A* 
the present time many artificial products are used to | 
' take the place of this natural pigment. 
| Yellow Pigments.—These, again, are natural pro- 
ducts, and by far the most common yellow used by the | 
Egyptians isa native ocher. These ochers consist of | 
| about one-quarter of their weight of oxide of iron, from 
|7to 10per cent. of water, and the rest of their sub-| 
|stanceisclay. When moist they have a greasy feel, and ° 
work smoothly and well with the brush. There is no 
evidence of these bodies having changed color, but un- 
doubtedly they are chemically not nearly so stable as 
the red form of oxide of iron. Many of the pieces of) 
this pigment, found at Gurob and at Tel-el-Armarna, | 
are very fine in color. 

Some of the specimens of the very earliest colors of 
which the exact history is known appear to be an} 
artificial mixture of these two colors, the red and 
yellow, thus producing an orange color. These samples 
were found on a tomb at Medum, which, according to 
Prof. Flinders Petrie, was built by Nefermat, a high 
official and remarkable man at the court of seacsecee 


__* A lecture delivered at the Royal Institution of Great Britain, on March 
17, 1893, by Dr. William J. MN 


F.R.S.—Nature. 


| process, the heating, is a delicate operation. 


| lieve, not been found. 


tained a light and delicate blue ; with 25 to 30 percent. 
a dark and rather purple blue; with still more the pro- 
duct would be black; if the alkali was too little in 
amount, a non-coherent sand resulted ; if too much, a 
hard stony mass is formed, quite unsuitable for a pig- 
ment. The difficulties, however, did not by any means 
end with the mixture of the materials. For the next 
Unfor- 
tunately up to the present time the exact form of fur- 
nace in which this operation was carried on is not 
known. The furnaces were probably, especially after 
use, very fragile structures, and have passed away. 
Considerable experience in imitating these frits even 
when using modern furnaces has taught me that the 
operation is really a very delicate one ; the heat has to 
be carefully regulated and continued for a consider- 
able length of time, a time varying with the nature of 
the frit being prepared ; and, further, in the rough fur- 
naces used it must have been specially difficult to have 
prevented unburnt gases from coming in contact with 
the material; but if they did, a blackening of the frit 
must have taken place. However, all these difficulties 
were avoided, and a frit was made which exactly an- 
swered all the necessary requirements. It had, for in- 
stance, the right degree of cohesion, for many of the 
large pieces which have been found have, like the 
hematite, a smooth, curved striated surface, and on 
rubbing in a curved vessel with water, easily grind to 
powder. 

The powder is naturally much less adhesive than the 
hematite powder, but on adding a little medium, it 
could at once be used, without other preparation, as a 
paint. Some of the pieces vary in color in different 
parts. This may have arisen from imperfect mix- 
ing, or from some parts of the furnace being hotter 
than others. It hardly appears to be intentional ; pos- 
sibly some of the dark, purplish colored frits were pro- 
duced by accident; large pieces of it have as yet, I be- 
By means of comparatively 
small alterations these frits could be obtained of a 
green color. One way was by introducing iron. If, 
for instance, the silica used was a reddish colored sand, 
it gave a greenish tinge to the frit ; and frit made with 


| some of the ordinary yellowish desert sand was found 


to give a frit undistinguishable from the most com- 
mon of the old Egyptian frits. Again, a rather strong 
green color is obtained by stopping the heating process 
at an early stage, this green frit simply on heating for 
a longer time becoming blue. Another way in which 
even the strong colored blue frits have been converted 
into apparently green pigments is by their being coated 
over with a transparent but yellowish colored varnish 
which has to a remarkable extent retained its trans- 
yarency, but no doubt become with age more yel- 
ow, and although strongly green now. may very likely 
originally have been nearly colorless, and consequently 
the frit was then seen in its original blue color. Even 
as early as the twelfth dynasty the green frits used 
were dullin color, and if by chance a brighter green 
was required, then they used the mineral malachite. 


* A sample of the pale blue frit gave, on analysis, the fo!lowing results ; 
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No doubt by far the most brilliant blue used at any 
time was selected and powdered chessylite, and even 
down to the twenty-first dynasty they seem to have 
made use generally of somewhat brilliant colored frits ; 
but after that time more subdued colors appear to have 
been used, and even the searabs were made of a much 
duller color than formerly. All these blue frits form 
a perfectly unfadeable and unchangeable pigment. 
Neither the sun nor acids are able to destroy or alter 
their color. 

The only other pigment to which I can refer this 
evening isthe pink color, which in different shades 
was much used. This is again an artificial pigment, 
and belongs to an entirely different class from any of 
the foregoing ones, for it is one of vegetable origin, 
On simply heating it, fumes are given off and the color 
is destroyed, but a large white residue remains; this 
if sulphate of lime. It may here be stated that the 
white pigments used sometimes were carbonate of lime, 
but more generally sulphate of lime in form of gypsum, 
alabaster, ete. This substance is often very white in 
color, is very slightly soluble in water, and has a 
singular smoothness of texture, which makes it work 
well under the brush; and in addition to these quali- | 
ties, itisa neutraland very stable compound ;so is 
well fitted for the purpose to which it was applied. It 
was easily obtained, being found native in many parts 
Egypt. Itis also interesting to note that there is an 
efflorescence consisting of this substance which fre- 
quently occurs in Egypt, and is of a remarkably pure | 
white color; probably this was used as a superior) 
white pigment. It was easy to prove then that the pink 
color was gypsum stained with organic coloring mat- | 
ter, and to try and imitate the color appeared to be the | 
most likely way of identifying it. Naturally, madder, 
which it is known has from the earliest times been | 
used asa dye, was the vegetable coloring substance 
first tried, and it answered perfectly, giving under very | 
simple treatment the exact shade of color to the sul-! 
phate of lime which the Egyptian pigmert had. Es- 
sentially the same coloring matter may have been ob- 
tained from another source, viz., Munjeet. In the case 
of madder itis interesting to note that the color is not 
manifest in the plant—the Rubia tinctorum—tor it is | 
obtained from the root, and is even not ready formed 
there. In the root it exists as a glucoside, and this has 
to be decomposed before the color becomes manifest. In 
this root there exist several coloring matters, which are 
known as madder red, madder purple, madder orange, 
and madder yellow, On breaking up the roots and steep- 
ing them in water for some length of time, the colors 
come out, some sooner than others, so the tints vary. 
Again, changes of color are easily obtained by the addi- 
tion of very small quantities of iron, lime, alumina, ete., 
so that in these different ways a considerable range of 
colors could be obtained, but a delicate pink color was 
the one probably generally made. This color is easily 
obtained by simply stirring up sulphate of lime in a 
tolerably strong solution of madder, and adding a lit- 
tle lime, taking care to keep the coloring matter in ex- 
cess ; the coloring matter adheres firmly to the lime 
salt, and this settles on tothe bottom of the vessel ; the 
liquid is then poured off and the solid matter, if neces- 
sary, dried, or mixed, probably with a little gum, and 
used at once without other preparation. That the 
coloring matter was really aalies could alco be tested 
by another method, viz., by means of spectrum analysis. 
Both the madder red (alizarin) and the madder purple 
(purpurin) give, when the light which they transmit is 
analyzed by the prism, very characteristic absorption 
bands ; the purpurin bands are the ones most easily 
seen ; consequently it became a point of considerable in- 
terest to ascertain whether froma specimen of this 
pigment, some thousands of years old, these absorp- 
tion bands could be obtained. A simall sample of this 
pink pigment was taken from «a cartonage which was 
exhibited, and by treating it with a solution of alum, 
the color was thus transferred to the liquid, and by 
throwing the absorption spectrum which it gave on 
the sereen, and comparing it with the spectrum from a 
madder solution, it was clearly seen to be identical. 

Many specimens in imitation of different colored frits, 
and a large copy of a cartonage colored with pigments 
prepared by the lecturer, were exhibited. 


SPEED OF PROPAGATION OF AN 
ELECTRICAL DISTURBANCE. 


AN ingenious method of determining the rate at 
which an electrical disturbance is propagated along a 
copper wire was recently described by Mons. R. Blond- 
lot before the Paris Academy of Science. The method 
is particularly interesting, since it possesses the ad- | 
vantage of being independent, not only of any theory, 
but even of the existence of electro-magnetic oscilla- | 
tions and undulations. 

The apparatus is simple, and the special feature is 
shown in the accompanying figure. Two condensers, | 
A and A’, in every respect similar to each other, are 
formed each of a cylindrical lamp chimney coated 
within and without with tin foil. Each of the two ex- 
ternal armatures is divided into two annular parts, the 
one insulated from the other namely, @ and a, in the 
‘ease of condenser A, and a, a,in condenser A’. The 
internal armatures are respectively connected up to 
the terminals of an induction coil, the wires being 
joined to the curved brass rods shown in the figure, 
which are in connection at one end with their respec- 
tive armatures, and at the other end with the ball. 6 or 
b. Between b and } there is a gap of from 6.to 8 mm. 
From @ and @ branch out toward each other two short 
horizontal pointed brass wires, p and p’, and separated 
by a distance of 0mm. To a,and are respectively 
connected the copper wires, ¢ and ¢’, each 1,029 m, long, 
3mm. diameter, and terminating as shown in the fig- 
ure at the points, pand p The dotted lines indicate 
the positions of damp threads, by means of which the 
two exterior armatures are connected electrically. 

The discharge of the condensers is effected by a 
spark passing between band b.. At this moment the 
charge on the external armatures is set free, and a dif- 
ference of potential is suddenly set up between a and 
«a on the one part and between a, and a’, on the other ; 
the damp threads do not play any part at this moment 
on account of the extreme rapidity of the phenomena. 
The armatures, a and a’, are discharged by a spark 
passing between the points, p and p’; similarly the 
armatures, @, and @’,, which are connected to the same ' 


points the long wires, ¢, p; are dis- 
charged by a spark between p and p’, taking place 
subsequently to the first, since the disturbance has to 
travel a distance of 1,029m. The interval of time be- 
tween the first and second sparks, between the points, 
p and p,, is the time taken by the disturbance to travel 
the distance along the copper wire, and to determine 
the speed of propagation it suffices to measure the in- 
pode, since the distance is known. Mons. Blondlot 
effected this by concentrating the light from the spark 
by means of a coneave mirror movable around an axis 
parallel to p, p’, and received on a vertical sereen the 
doubled image of the spark. Given the speed at which 
the mirror is spun round, its distance from the sereen, 
ete., the rest becomes a matter of simple calculation. 
A photographic plate may be substituted for the 
screen. 

The results of fifteen experiments gave a mean speed 
of 2964 kilometers per second. A set of experiments 


bb 


made on a wire, 1,821°4 m. long, gave a mean value for 
the speed of 298 kilometers per second. The approxi- 
mate equality of these values, obtained on lines of 
different lengths, shows that the movement of propa- 
gation is fairly uniform, and the numbers found are in 
accord with those previously obtained by another 
method by Mons. Blondlot. 


ELECTRICALLY PROPELLED VEHICLES FOR 
ORDINARY ROADS. 


ELECTRICAL vans and omnibuses are now being run 
on demonstration journeys by Messrs. Clubbe & Com- 
pany, Elm Street, London. he illustration which we 
subjoin gives a general side view of the electrical parcel 
van of the latter firm, on which we have recently had 
the opportunity of making a trip through some of the 
most crowded London streets. It resembles an ordin- 
ary two-horse van without shafts. The current is su 
plied by E. P. 8. accumulators hung below the body 
of the vehicle ; these with one charge can propel it 50 
wiles at any desired speed up to ten miles an hour, and 
when ran down can be changed for a fully charged set 
in a couple of minutes. The steering is said to be very 
easy and satisfactory, and is managed from a wheel 
worked by the driver’s right hand. The motor oc- 


Bndus.& 


eupies a small part of the interior, which is lighted by 
two electric lamps. It is stated that this van ean be 
run and maintained at about half the cost of one of 
the same size drawn by horses. 


FISH POISONS.* 
By J. B. NAGELVooRT. 


Fish poisons are remarkable substances. As far as 
known, they belong partially to the alkaloids, in part 
to the glucosides. Many are saponin-like bodies, but 
our knowledge of a great many of them is nil. 

The best known are the berries of different species 
of coeculus (fishberries in English, Fischkorner in 
German), which certain classes of people in Europe and 
Asia regularly employ to catch (poison) fish. But 
among the more cultivated classes the knowledge of 
this craft seems to have been lost. The unripe or ripe 
berries of the cocculus are rubbed to a pulp, and this 

* “ Beschrijving der giftige en bedwelmende planten bij de vischvangst 
in gebruik, door M. Greshoff. Batavia Landadrckkerl). 1893." The ad- 


dress is that of the printer. The book is not for sale. A few copies will be 
offered to colleges of pharmacy in this 


country. 


pulp is simply thrown into the water, whereupon the 
fish become semi-intoxicated, rise to the surface and are 
easily caught. 

There is always some risk connected with the use of 
these berries, and where a government does its duty it 
is strictly prohibited to sell fishberries ; but fish caught 
with any one of the many other fish poisons are usually 
harmless as food for man, This is in itself not so re. 
markable, inasmuch as we often meet cases of the eon- 
verse—animals partaking with rfect impunity of 
»lants which contain poisons deadly to human beings, 

urthermore, the fatal dose fora fish is usually—not 
always—too small to harm man. ‘ 

The inhabitants of Ceylon have the dangerous ens- 
tom of using the very poisonous fruit of Hydnocarpus 
venenata, Gaertn., to poison the rivers. But to eat the 
fish caught involves great risk to human life.* This ig 
no oceasion for wonder, since we learn from Greshoff 
that he found HC,N in an oil derived from the plant, 

As evidence that the knowledge of catching fish by 
poisoning them wholesale seems to have been lost 
among the more civilized ey of society, or is not 
widespread—proof that half of the people do not know 
how the other half live—I may cite the fact that the 
Encyclopedia Britannica, in an elaborate article on 
“ Fisheries,” does not give any information on our 
subject. 

If the use of certain fish poisons is attended with 
risk, not so with the bark of Zanthoxylum scandens, 
Bl, a plant found in tropical Asia and Australia. The 
bark is pounded toa pulp; this is thrown in the water; 
presently the fishes are seen on the surface dead. They 
can be eaten, however, with perfect impunity. é 

The bark of Walsura piscidia, Roxb., as the name of 
the plant indicates, has some connection with fish and 
fisheries. It is a plant of British India, Malabar, and 
Ceylon. The bark is thrown into ponds to kill fish, 
which, coming to the surface, are easily taken and are 
not considered injurious as food. 

From Serjania lethalis, St. H. (many Serjanias bear 
a suspicious name—S8. noxia, 8. inebrians), the fresh 
branches are used in Bolivia to poison the rivers ; and 
Weddell ( Voyage en Boliv., 1853, 449) states: ** I am in- 
formed that fish thus caught do not cause any incon- 
venience when eaten.” 

The bark of Paullinia pinnata, L., a plant growing 
anywhere in (tropical) Brazil, Mexico, Guiana, the An- 
tilles, and equatorial Africa, is used in Brazil to poison 
and the fish thus caught are harmless 
as food. 

Tephrosia Vogelii, Hook., furnishes the fish poison 
par excellence. A French African traveler, M Griffon 
du Bellay, states: ‘‘ Nothing so easy as to ‘fish’ with 
this plant. I have seen them take a few handfuls 
of leaves only, throw them in the water, and all the 
small fish came immediately to the surface, dead. 
Soon after a kind of lamprey came gasping for air and 
was easily caught. The fish tasted excellent.” (Adan- 
sonia, vi., 225.) Col. Grant collected the plant in 1862, 
in the country between the Albert and Victoria Nyanza 
lakes, and wrote: ‘**A mash is made of this plant by 
the natives to kill fish. The mash is thrown into the 
water; the fish float to the surface dead and are taken 
for food.” (/ransact. Linn. Soc., xxix., 55.) 

Of another Tephrosia, found in the South Sea Islands 
(T. piscatoria), different authors tell us that the 
branches and leaves, thrown into the water, kill the 
fish without thereby rendering them unfit for con- 
| sumption by the natives. (De Lanessan, Hillebrand.) 

This is one of the most remarkable features of fish 
poisons: that they act in dilutions containing an 
|amount of the poisonous principle too small to be de- 
|teected by chemical reagents. It has, therefore, for 
| quite a while been the custom in analytical laboratories 

to submit fishes to the same experiments as are made 
on warm-blooded animals, when properties of newly 
discovered active principles from plants, or what are 
considered to be active principles, are to be studied. 
Prof. Plugge (Groningen, the Netherlands) mentions 
| (Arch. f. Exper. Pathol. u. Pharmacol., xxxiii.) that a 
gold fish of 25 g. died in water containing only syas05 
of its volume of a new alkaloid that he had under in- 


| vestigation (Pithecolobin). 


It is greatly to the credit of Dr. Greshoff (of late, 
chemist to the Botanical Gardens at Buitenzorg) that 
he used the unsurpassed facilities at his command in 
the library of the garden, and brought together in one 
book (from which the above is extracted) what was 
»reviously scattered throughout general literature. 

his work deserves our praise all the more, as we yet 
bear fresh in our memory the wealth of suggestions 
and of original discoveries which he poured out from 
the treasury of the flora of the Malayan Archipelago 
in his first report from his laboratory.+ Standing as 
apothecary on the borderland between the professional 
botanist and the chemist sui generis, devoted to science 
for its own sake, a fluent writer and accomplished 
scholar, he has given us a monograph of which we may 
say that no other like it exists. 

At the author’s request I have the honor and the 
sleasure of introducing it toan English-speaking pub- 
ic ; for, to my regret, it is written in Dutch. But as 
Greshoff, when I called his attention to this disadvan- 
tage, responded that any one once interested in the 
present subject would find out kis work, I have no fur- 
ther ground for objection. Every reader will ac- 
knowledge that Greshoff did not serve ‘toujours per- 
drix” in his intellectual bill of fare. The author him- 
self invites a statement of the experience of others—to 
which request I call the attention of the United States 
Fish Commission. 

We must be astonished at the insignificant part an- 
alytical chemistry has played in developing our know- 
ledge of the nature of fish poisons. On general princi- 

les it is not to our discredit that savages caught fish by 
intoxicating them, long before we had the least idea 
of such methods. They had arrow poisons too (curare) 
of which we knew very little until lately. We jin de 
siecle people live too artificially and are little in touch 
with nature. But that Greshoff’s monograph quotes 
poisons of which most of us (I for one) never heard is 
humiliating. 

His index shows 233 plants. One other book on the 
same subject, in the Spanish language, by Ernst, pub- 
lished in Caracas, South America, in 188i, enumerates 


* Baillon, Histoire d. Plantes, vi., 299. 


+ Kin Laboratorium f. Pfanzenstoffe, by Prof. Th. Husemann, Pharm. 
Zeit, ii., February. 1801, 
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‘ 
Jants only as containing fish poison. Another | 


ket knife may be made to serve). Place the latter | in a wet condition is the worst. It lies so closely that, 


sixty P itten by Radlkofer, in German (U. Fishvergif- in the mouth and see that it is well in contact with the | without some special contrivance for insuring an effi- 
" Seoasen, Séts. ber. d. Math. Phys. Classe d. K. tongue. Then introduce the hypodermic needle} cient circulation of air, the burning of it becomes a 
tende Phan W.. Bd. xvi., 1886), contains 154 names. | through the tracheal wall, the telephone receiver being | matter of extreme difficulty and utterly unproductive 


Akad. d. 


» reshoff has very judiciously furnished such long held to the ear meanwhile. Should the body be) of any useful result. 


that we are enabled in many cases to judge touched, even in the slightest degree, there will be a 


The economy claimed for the process as conducted 


uotations t respecting the merit of the statements. scratching sound in the telephone. The — of | at Halifax is described as being due to the employment 


or oursel¥ 
This makes the 
than it would hav 


original papers. 


“ Monografia” much more instructive this instrument depends upon the well known 


. I ct of the Livet steam generator, which is shown in end 
e been if we were referred to the that two metals of different kinds, when in contact! elevation in the accompanying illustration, and may 
I think that even a reader unfamiliar , with the fluids of the body, form a sort of battery | be thus brietly described. The two heaters are repre- 


ith the Dutch language will be largely benefited by | which will give current sufficient to influence a tele-| sented by A A, the upper cylinder by B and the coni- 
w 


a perusa 


lof Greshoff’s book, since so many quotations phone receiver. A blunt probe may also be used cal circulating tubes uniting the upper cylinder to the 


are in French, in German, in English, orin Latin, and through the air passages. a piece of metal of the same heaters by CC. A separation, or rather division, is 


we all unde 
(Bentham an 
abbreviations 

[do not dou 
“ Monografia 
every one according to his own itimakes no practical difference. 


taste and 


ability, the field here indicated, they can, Better contact with the skin (in the second instru- joists, FF. Inthe upper cylinder, B, t 


rstand the botanical system he followed kind being connected with the surface of the body and effected by the central wall, D, and the numbers 1, 2, 
| Hooker's Genera Plantarum) and the the telephone. Annexed I give a diagram of the two. 
used. Just here it may be well to say that whatever of plat- | the gases pass through them after leaving the furnacés 
bt that my opinion of the utility of the | ing may be on the syringe, although it does probably | and flue tubes of the heaters, E E, on their way to the 
>to our growing generation of pharma- | make some current with the mouthpiece, yet it makes uptake. It will be seen, on reference to the illustra- 
1 opposition. But it seems to me that if such a small amount that, being constant in quantity, 


3 and 4indicate the different flues in the order in which 


tion, that the third and fourth flues of each furnace 
are separated by fire-tile partitions, Qe by the 
e water and 


ke their influence in science felt, and that it will ment) can be made by making the electrode of a silver steam spaces respectively are shown by the letters H 
_ them strength to resist the destructive invasion of dollar and moistening it with salt water or very dilute and G. The two upper cylinders of the feed-water 


those purely mereantile interests which would cheer — acid. 
fully wipe out pharmacy, pharmaceutical chemistry, | 


he advantages of these instruments over that of Dr. 


,heater are II, while J is the lower cylinder, showing 
in each the 3 in. internal tubes. 


investigation, and make of the possible lover | Bleyer are three: 1. Little time is needed to arrange; Cast iron stools, K K, carry the two heaters, and L 
and plant i 


of selence a mere automatic salesman. i 
The experience with fish poisons is not an imaginary | response. 3. There is not the least danger of injury. 
one, It rests upon a basis of true physiological ex- | 


| 
periments. 


| the apparatus. 2. The slightest contact will bring is the interlocking plate whic 


completes the dividing 
partition between the two third flues of the two fur- 


in the instrument described by Dr. Bleyer, some in- | naces already described. The special feature of this 
ts | genuity is needed to arrange the two needles, and both furnace is that the form of the flues is such as will 


The “* Monografia” gives more than its title calls of them must be pressed firmly against the metallic ob- | utilize the increasing weight of the products of combus- 


for. | ject at the same time.—Medical Record. 

Of Zizyphus vulgaris, Lam., we read: “The leaves | = 
when chewed are said to destroy the power of the 
tongue to appreciate the taste of disagreeable medi- 
eines.” (Pharmacographia Ind., i., 350.) 


UTILIZATION OF TOWN REFUSE. 


stitute for digitalis. P ney: 

Indigofera Anil., L.—A decoction of the indigo root, 
used as a lotion, effectually destroys vermin. 7 

Erythrina aurantiaca, Ridley.—Three or four seeds, 
being ground and mixed with food, will killany dog or 
eat that eats it. A warm infusion of the inner part of 
the bark is used in toothache. , 

Derris elliptica, B.—The roots of this plant, steeped 
in water, afford a useful insecticide for gardening pur- 
poses. The Malayans use the bark as one of the in- 
gredients in their Ipoh arrow poison. 

Piscidia Erythrina, L.—It is stated that the tincture 
of the bark of the root is intensely narcotic. A decoc- 
tion of the bark cures the mange ip dogs. 

Acacia Farnesiana, Willd.—Mad dogs are killed in 
Brazil with the seeds. 

Albizzia amara, Boiv.—Its root contains 10 per cent. 
of saponin. 

Begonia Rex, Putz.—The juice is poisonous to leeches, os. 
and may therefore be used to kill them when found in Ry 
the nostrils of animals. 

Hydrocotyle vulgaris, L., kills sheep when they eat 


oer 


1 


the plant. 
Hydrocotyle umbellata, L., is used in Mexico medici- 
nally (emetic ?) A study of the plant is very much to sss= 
Annagallis arvensis, L., kills cattle and horses when E isess 
they eat the plant. 5S 
I close my review with Verbascum, L. Chemistry). == 


knows nothing of a toxic active principle in any Ver- 
bascom. Verbascum species are used in Spain, Italy, 
and Greece, not only as a fish poison, but also to destroy 
mice, 

The wulleins (Verbascum) approach digitalis, says 


Contracting Syndicate, Limited.” The object of the 
visit, says the Engineer, to the party an 
i yitnessing the installation at Halifax 
Lindley (The Vegetable Kingdom, 3d edit., 1853, 683), | Opportunity of Weeneasing . 
And our highest authority in the history of medicinal ©! Livet’s patented for the 
plants, Prof. F. A. Fluckiger, does not doubt that the T@Pid generation of heat in furnaces and the utiliza- 
lant to which this property is attributed is indeed a tion of dust and refuse for electric lighting. It ma 
Skansen, Prof. Husemann, in introducing the D@ S¢areely necessary to remind our readers that, wit 
“Monografia” to German readers, in the Pharm. | Tespect to processes of this description generally, there 
Keitung, 2, xii., 1893, recalls the fact that Verbascum 8 nothing novel in the means employed to effect a cer- 
Blatteria is known to have killed sheep. tain object. or to obtain certain results of the follow- 
May Greshoff’s * Monografia” kindle a worthy en- | 12% character : (1) The disposal of solid town refuse, 
thusiasm for the advancement of pharmacy in its legal whether wet or dry, by burning. (2: The utilization 


; ae ; or the conversion of the products of the combustion 
collateral branch, toxicology.— Bulletin of Pharmacy. of the said refuse into steam. (3) The employment of 


' the steam so generated for electric lighting, as at South- 
LOCATING METALLIC BODIES IN THE $§ampton and Nottingham, for pumping sewage, as at 
home and abroad. (4) The manufacture of a kind o 
By EN. oy a ey. S Assistant Sur- , cement or mortar out of the residue or by-products of 
_ —— — combustion, or the use of them in combination with 
Iy the Medical Record, December 16, 1893, page 798, tar or bitumen for footpaths and flaggings; or again, 
Dr. J. Mount Bleyer described a method of obtaininga the clinker can be utilized for the foundation or bot- 
lost intubation tube lodged below the vocal chords. He toming of ordinary roads. 
did this successfully by means of a battery, electric’) The solid refuse of London and other large English 
bell, and surgical probe en circuit, the latter consisting cities, among which may probably be included Halifax, 
essentially of two needles in a handle, across which contains about 80 per cent. of mixed cinders and 
closure of the circuit was made by the contact of both | ashes, thus providing in a very great degree the ma- 
needles with the lost body at the same time. He con-_ terials for its own ignition and combustion. If we now 


lor 


ouble 


elephone 
Receiver 


Hypodermic 
Syringe. 


— the instrument simple, and, indeed, it is both | take the case of the refuse of a large oriental city in 
oy and ingenious. But the one I wish to offer is| India, it will be found to be absolutely devoid of all 
8h simpler. coal residue or cinders, and to be mainly composed of 
ould there be a telephone in the house, take down| stable litter, vegetable matter, cattle droppings and 
flerible yo" or ear trumpet, together with the attached | a —— of kitchen refuse, street sweepings and 
ion E chord. To one of the free ends of the bifurea-| other general rubbish. At certain seasons of the year 
wn ach the metallic part of your hypodermic in-| the whole mass becomes so exceedingly soft and satu- 
t' mn binding it securely by means of cord. To/ rated with moisture as to be practically incombustible 
er fore end attach a piece of steel of convenient | in a furnace A Pe for the burning of Continental 

be placed in the mouth (the large blade of aj town refuse. Of all the ingredients, vegetable matter 


A SPECIAL train recently left St. Pancras Station, 
Tephrosia toxicaria, Pers., is said to serve asasub- London, conveying a party of gentlemen who had ac- | 


tion or gases as they travel toward the chimney, pro- 
mote a high velocity of the air passing through the 
furnace bars, produce rapid combustion with intense 
heat, and cause the gases themselves to pass sufficient- 
ly slowly through the flues, so that they part with all 
their useful heat before they escape into the atmo- 


cepted the invitation of the directors of ‘*The Atlas! sphere. It is obvious that, in effecting this desirable 


result, it would not answer to strain or wiredraw the 
gases too much, or the consequence would be a defeat 
of the main object. It should be mentioned that the 
town refuse is delivered at Halifax free of charge at 
the furnace mouth in a raw state, and shovel-fed into 
the fire without any preliminary drying, shifting or 
screening, a very important point in the whole process. 
There was an entire absence of any unpleasant odor 
on the premises or in the interior of the furnace or 
generator house, which may possibly be due to the 
fact that the constant high temperature maintained, 
together with the great force of draught, secures com- 
plete combustion. 

It is stated that the average quantity of rubbish 
burned per hour per square foot of grate surface of the 
Livet generator was 33 lb., while the furnaces at Old- 
ham consumed only 25 lb. Both of these results are 
superior to the average obtained at Glasgow, which 
was nearly 21 Jb.; but it is alleged that a maximum 
of 39 Ib. has been obtained at the last-mentioned town 
per same units of time and grate surface. If we com- 
pare the quantity of water evaporated by the combus- 
tion of one pound of town refuse, we find that, while 
three-quarters of a pound is allotted to Oldham, it is 
claimed for the Livet generator that in its best per- 
formance it has evaporated over four pounds with rub- 
bish containing 20 per cent. of moisture. 

The statement for four different towns respecting 
pounds of water evaporated per pound of rubbish con- 
sumed is as follows: Halifax, 4°08; Bradford, 3°65; 
Harrogate, 3°39 ; Huddersfield, 3°59. In order to get 
| rid of the objectionable light dust, the progression of 

the gases is partially arrested at the end of each flue, 
| which enables them to deposit it in suitable expansion 
|chambers or pits, which can be cleaned out as re- 
| quired, so that, after some mouths’ use, the flues them- 
|selves have been found in a perfectly free and un- 


| clogged condition. 

| In a small compartment boarded off from the fur- 
| nace room, but under the same roof of ihe temporary 
| building of timber and corrugated iron, is simply 
| placed upon balks, without any bolting down, a Par- 
, sons’ combined steam turbine and dynamo of a some- 
| what old pattern, which serves to light three are 
| lamps of 2,000 candle power each, a search light fixed 
|outside on the top of the building of 25,000 candle 
power and a small incandescent lamp swung over the 
dynamo. The capacity of installation at Halifax is 
equal to 100 effective electrical units, or 10,000 incan- 
descent lamps of 10 candle power, each burning six 
hours a day, by the combustion of 3,000 tons, or one- 
third of the refuse of the town per annum, which, if 
| the capacity were equal to burning all the rubbish 
produced, would give one lamp three and a half hours 
to each inhabitant. 


| THE MANUFACTURE AND INDUSTRIAL 
VALUE OF ALUMINUM ALLOYS.* 


By J. H. J. DaaGeEr, F.LC., F.C.S8. 


In the two papers I have had the honor of reading 
before this society, and in a paper read before the 
British Association in 1889, I gave some account of the 
— day methods for the production of this indus- 

rially new metal, and, expressing my views as to its 

value, based upon an especial experience of the metal 
in the laboratory, foundry, and workshop, I then 
stated that “the greatest value of aluminum is as yet 
in its alloys ;” that these words hold true, and that the 
alloys of aluminum havea value that can hardly be 
overestimated, I will endeavor to set forth this even- 
ing. Aluminum alloys readily with all the common 
metals, with one or two exceptions, and with gold, 
silver, and platinum. These alloys may be conveni- 
ently considered as divided into two classes, simple 
and complex; aluminum alloyed with one metal or 
with two or more. 

The Simple Alloys.—The most important are the 
copper alloys; these form two series: Aluminum 
bronzes with 1 to 11 per cent. of aluminum and alumi- 
num copper alloys with 90-99 per cent. of aluminum. 

The intermediate alloys form a series differing widely 
‘in color and other physical characteristics of great 
| scientific interest, but, owing to their crystalline, brittle 
nature, valueless in the arts. The 10 per cent. alu- 
minum bronze is perhaps the best known ; it was first 
ge by Dr. Perey, of the Royal School of Mines, 
n 1855, and as early as 1859 a series of experiments 


* Read before the Society of Chemical Industry, Dec. 6, 1898.—From the 
Journal. 
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Atumintum Bronze —Avernace Tests 


by Elongation Per Cent 

16 —00,000 4-16 
8 655,000 12-28 
7 36—45,000 
35— 4,000 30-40 
2 90,000 
1 20.000 

v0— 100,000 0—3'0 


were made with it, a mountain gun being cast of it 
under the direction of the Committee of Artillery of 
France, and in 1860 further experiments in this direc- 
tion were made by the Bavarian military authorities, 
both the French and Bavarian experts reporting that 
the cost of aluminum bronze was the only thing then 
prohibiting its use for guns, 

In his report on the Augsburg artillery trials, Colonel 
Weber states that the aluminum bronze resisted a 
yressure of 97,012 Ib. per square inch, while the tin 
»xronze then used gave only a pressure resistance of 
39,601 lb. At that time pure aluminum was 38s,, alu- 
minum 10 per cent. bronze 4s, 11d., and tin bronze 1s. 
8d. per Ib. 

Aluminum bronze is prepared by two methods. 1. 
By direct reduction of aluminum ore, such as corundam 
or rich bauxite in presence of metallic copper in the 


electric furnace ; this method I have previously de- | 


seribed.* Since that time, however, the old longitu- 
dinal furnace has been replaced by an upright one ; 
the carbon walls now form the negative electrode, the 
positive being a bundle of carbon rods, plates, or a 
single carbon cylinder. The positive electrode is 
coupled to the cable as before, and is capable of being 
raised or lowered through an opening in the furnace 
cover ; this cover is of iron and is kept cool by the cir- 
culation of cold water within it. At the bottom of the 
furnace is a tap hole closed by a carbon rod. By this 
method a rich alloy containing 20 to 30 per cent. of 
aluminum is obtained, which is checked by analysis 
and standardized by the addition of copper. The fol- 
lowing is a typical analysis of this crude bronze or 
‘furnace product :” 


Copper........ T1517 (by difference). 
47116 


By using prepared alumina almost free from silica and | 


iron, a very pure alloy can be obtained. 

2. The better and more general method is by direct 
mixture of the metals inthe crucible. The process is as 
follows: The copper is first melted, and then the neces- 
sary quantity of aluminum added in portions, using a 
perforated ladle to facilitate mixture. For the first 
addition of aluminum there will be great evolution of 
heat, rising to incandescence; this gradually diminishes 
as the remainder of the aluminum is added, care being 
taken to prevent overheating of the ladle and tools 
used during the mixing. The tools and ladle must be 

rfectly clean, free from scale, and it is best tochange 

he hot rod fora fresh one. Black lead pots must be} 
used, and the greatest care taken to prevent the molten 
metal coming into contact with she or siliceous mat- 
ter, for aluminum readily reduces silicon from its com- 
pounds. Fluxes must not be used, but carbon may be 
»laced over the molten metal if thought needful. 
uch trouble and failure to obtain good results in the | 
foundry has arisen from using clay pots, neglecting | 
these precautions, and using too high a mixing tem- | 
rature. If a bronze requires to be as free as possi-| 
le from silicon, crucibles lined with carbon must be | 
used. This bronze is of a bright golden color, its dens- 
ity is 7°69, it gives fine castings, is malleable, but re- | 
quires frequent annealing if worked in the cold. It} 
works well under the tool and takes a high polish. 

The alloy containing 11 per cent. of aluminum is! 
higher in tensile, transverse, and torsional strength; a| 
small round cast bar tested by the Leeds Forge Com- 
pany, Limited, gave T. 8. 57°27 tons, or 128,000 Ib. per 
square inch. 

This alloy is exceedingly hard and trying to the tools, 
and in it we have reached the highest useful limit of 
aluminum in low per cent. alloys. The alloys contain- 
ing less than 10 per cent. aluminum are all of very 
great value. The tensile, transverse, and torsional 
strengths and resistance to compression decrease as | 
the aluminum is lowered ; this is accompanied by a/| 
proportional increase of elongation. Their color varies | 
from pale yellow to red gold ; they can be readily cast, 
rolled, and drawn in the cold, and ean be worked 
easily at bright red heat. Sheets, rods, bars, and wire 
are rolled at a bright heat and finished cold. The ef- 
fect of working and rolling is shown in some of the | 
tests given below. The fracture of the 10 and 11 per| 
cent. bronzes are crystalline, that of the others fibrous. 

You will notice that they far surpass ordinary 
bronze and gun metals, and compare favorably even | 
with steel. 

The destructive effect of heat on gun metal (tin 
bronze) is one of the most serious objections to the use 
of that alloy. The aluminum bronzes, on the contrary, 
show no sign of liquation on melting, and there is no 
separation of the meta!s on slow cooling, and so sounder 
castings can be made from them. They retain their! 
tenacity through a high range of temperature. Pro- 
fessor Unwin obtained the following result with a bar 
of this bronze : 


Specimen. Mea to | Per Cent of 


Klongation 
10 per cent. aluminium 350° 86.200 26°3 
Bronsé, rolled bar..... 600” 


* This Journal, September, i8sy, 


Other temperature tests made at Cowles Company’s 


laboratory are given in my paper in the Jowrna/ for! pends upon the amount of zine present, 
1 


Complex Alloys of Aluminum.—Of these the most 
important contain zine and copper with varying pro- 
sortions of aluminum, forming the so-called aluminum 

rasses. The composition of these alloys varies from 1 
to 6 per cent. of aluminum, combined with 12 to 43 per 
cent. of zine, the remaining constituent being copper. 

The following tables indicate the composition and 
mechanical properties of this class of alloy. 


The percentage of aluminum in aluminuy brass 


since the alu- 


‘minum must decrease in quantity with an increase of 


| zine, otherwise the alloy will become brittle and 
‘workable. With 40 per cent. of zine the alumi un- 
| should not exceed 1 per cent., with 30 per cent Pr a 
2 per cent. of aluminuim, with 11 per cent. of zine 8 
jcent. of aluminum may be added. This alloy j 
made by melting 10 per cent. aluminum beece aie 
the quantity of copper required, and when the in th 
are melted and thoroughly mixed in the crucible, ty 


Atcmintum Brass. 


T.S. per Square 
Composition of Alloy. 
Notes. Authority, 
per Cent. 
Cu Al | Si. | Zn | Lbs. | Tons. 
eso | ss | o-s3 | | 82,200 | 367 | 2°83 States Naval 
63°0 | 0°33 | 33°3 70,400 040 Department. 
Sand CaSting® 63°0 35 oe 67,200 to | 30 to 34 6tol 
76,160 Average tests at 
Rolled Gar. | | 3S 84,672 37°8 97 i Milteu Works 
laboratory. 
Duplicate of above, rolled hot from 3 square| 63°0 35 ° mt 87,360 390 12°35 
. inch pillar to 1 inch, then when cold to 
1 inch square pillar. , 
| | 42°0 | 62,800 295 
| Pittsburg Alumini 
70°0 20 | 230 68,600 30°6 ee Company, 
| 58 | | 268 | 96,900 | 13°2 J 
Cast bars cut from propeller blade castings :-- | 
| | | | ‘Tested at Lloyd's prov. 
| \ Netherton, 
. ‘or Cow ; 
IS" 66,752 | 29°7 Slight |) 
| 
Taste II. 
Comparison OF ALUMINIUM Bronze with GuN Bronze, IRON, AND STEEL. 
Metal or Alloy.— Description. | Elastic Limit. Elongation. Authority, 
| Lb. In. | Lb. per Sq. In. Per 

average-3! 137 specimens of accepted gun steel, 51,611 19° 
and hoops, jackets, and tubes.| tests 
Same grades of steel, 19 specimens not tempered or 88,000 38,140 18°70 . 
German 70,784 35,392 Holley (“Ordnanceand Armour”). 
Wrought iron forgings 

73,000 30,000 oe ee ee eo 
ne Mean 53,000 18,000 26°0 
Heavy forgings, average of 700 tosts.....--.seee-seee 48,160 23.760 ‘ Sir W. G. Armstrong's Works tests, 
i i i 17,000 0° 166 Watertown Arsenal United States 
Cast iron, average of four specimens of accepted iron 30,000 Gana. 
Gun bronze, average of 14 tests :— 
Copper 88°, tin 10°0, zinc 2°0....... evee 38,996 13,214 33°6 Watertown Arsenal tests. 
BC ee 43,200 5,672" General Uchatius. 
De t 
BBO gg 10D 23,750 13,000 37 
Gun steel, average results of tests of Firminy, St. 98,134 57,796 160 | Tests at gun factory of the Forges 
Etienne steel for French artillery. et Chantiers de la Mediterranée. 
“uminium bronze :— j 
PO 114,514 ee oes 
Al 10°0, Si 1°0, Cu 89°0 4,51 Unites 8 
Report reads 
elastic: 
imit 
Aluminium bronze, Al 10, Si 1, Cu 89, rolled hot from 111,400 84,000 66 ! United States Government Water 
2 inch billet to }3 inch round bar. ‘ | _ town Arsenal test. | 
Aluminium bronze, Al 10, Si 1, Cu 89..... 128,400 Nil. Leeds Forge Company's test 
99,680 | C.S. Company’s Works, Milton. 
per Al 89,743 39,737 83°26 | Professor Umoin. 
e » cast in sand....... 87,510 17°0 Watertown Arsenal] test. 
Aluminium bronze, 74 per cent. Al, 8i 0°75 per cent., 69,800 21,500 32°8 
Cu 91°75 per cent. 
Cast in chill mould .........sceccceeeeseeeceeees 68,000 24,000 18°2 
Aluminium bronze, Al 7°5 per cent., 80°75, Cu 91°75 | 60—05,000 pa 20°0 Otis Iron Works test. 
Sai Hing into TOA, 000 39°0 Otis Iron and Steel Works, Clever 
amo after rolling in 83, is Tron nee. 
per cent., Si 0°75 per 60,700 18,000 23°2 
cent., “5 per cen 
Aluminium bronze, Al 7°75 per cent., Si 0°75 per 67,600 24,000 13°0 United States Government, Navy 
cent., Cu 91°5. Department tests. 
Aluminium bronze, Al 7°56 per cent., Si 0°S per cent., 46550 17,000 78 
Works, Rubort, 
Aluminiém bronze bar, Al 5 per cent., rolled........ ° 82,880 ee 60°0 Tested at _ orks, 
— Tests made at South Boston Iron 
96,320 85,120 1°0 works by Mr. E. D, Self, om si 
inch loug bars. 
77,056 S174 vo 
71,680 43,004 90 
” j 71,680 oe Watertown Arsenal, 
"6 
} E. D. Self, at South Boston Irom 
o % 60,700 45.472 60 works. 
i 
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the zinc. The metal is left in the farnace until small MPARATIVE TESTS OF SVERSE STRENGTH. 
ing bars taken from it and broken show the uired 
ele strength and ductility; it is then ready for Resitianse. 
Cross it of |Permanen 
alloys of this class contain small percentages Material. Section of | of | of As Porventage Composition, 
of manganese and tin, usually not exceeding 0° of Load. § |Blasticity| Deflection.| | Uitmate 
either metal. Limit. h. 
The following is an example of this alloy :— l 
Specimen. Composition. Elongation, 1 12 26 18 3 ¥ 0°07 0713 
———_ Manganese bronze ............ 1 12 “6 38 3% 015 0°23 
( Aluminium .. 2°000 Aluminium-Hercules bronze .. 1 12 56 50 3} 0718 os i) per cent. Zn 40= 
bar of 34° 000 25,300 th. 20°88 bronse. 1 12 61 56 "8 0°22 0°25 Al Mn }, Zn Sn 4. 
| Aluminium brass ............. 1 n | ¢ 0°23 | AN}, Zn 33) 
| Copper ..-.--- 63° 200 
100°000 Corrosion Resistance or Atumintum AtLoys. NewvHausen Lasoratony Tests. 


Metal for rolling into sheets and rods has often 0° 

rcent. of lead added to the alloy. Aluminum brass 
ean be forged and worked readily under the hammer ; 
the working heat must be lowered with the decrease in 
the percentage of aluminum. The 8 per cent. aluminum 
alloy with 33 per cent. of zine can be worked at a dark 
red heat, contrasting in this respect with common 
prass. These alloys all give sharp, clean, tough cast- 
ings, and from their high tensile and transverse strength 
and their corrosion resistance they ought to be most 
valuable tothe marine and mechanical engineer. They 
have already been tried as a material for propeller 
blades, and, judging from results obtained, ought to 
displace other bronzes in this class of work. 

he Casting of Aluminum Bronze and Brass.—The 

following are the melting points of aluminum bronze 
as compared with the pure metal and other alloys an 
metals : 


Metal or Alloy. Melting Point. 
1,90 

( Cast, above 
DIOR Wrought, above 
4,000 
4,000 
Steel bronze (gun browze)....... 1,190—1,200 
bronze (aluminium 1,500—1,700 


In making castings from aluminum bronze and brass 
the difficulties, as in other metals and alloys, arise 
from oxidation, contraction, shrinkage, and the inclos- 
ing of air bubbles, but no gases are produced during 
the melting of the alloy, and there is no trouble from 
the occlusion of gases, as in the case of other metals. 

The liquid bronze on exposure to air is instantly cov- 
ered with a thin film of oxide, which protects the un- 
der metal from any further oxidation; in pouring, 
care must be taken to prevent any of this film getting 
into the casting ; this is best done by making a *‘ pour- 
ing aig ” or receiver, into which the metal is first 
poured. 

The molten bronze is kept back until the impurities 
have risen to the surface, when the plug is withdrawn 
and the clean metal enters the mould. Instead of a 
“pouring gate” a secondary pot or ladle can be used. 

Contraction must be guarded against by having 
cores of a yielding character, avoiding as far as possi- 
ble core rods or irons; coarse sand mixed with resin, 
which softens on heating, makes a good core. To 
diminish shrinkage the gates must be made as large 
as possible and the pouring done quickly, and at no 
— temperature than is necessary to insure a good 
castin - 


Per Cent. Attoys. 
Composition. 
__| Specific TS. in | T.S.in Lbs. 
Gravity. | Tons per “= 
Al Cu. Sq. Inch. | Sq. Inch. 
98 2 2n 196 43,904 
6 4 2°77 19°90 44.576 
6 2°82 24°70 55,328 
8 2°86 22°70 50,848 
Aluminum os 2°67 12°0 26,880 
Al, 97-98 17°8 40,000 
Langley’s patent. ° = 60,000 
,000, 


High Per Cent. Aluminum Alloys. — Very many 
experiments have been made to increase the tensile 
ngth and hardness of aluminum, and with consider- 
able success, though at some slight sacrifice of lightness 
and corrosion resistance. For ordinary foundry and 
workshop castings the addition of 1-6 per cent. of cop- 
- is the most ready and serviceable method. The me- 
anical tests of such an alloy are shown in the table. 
he addition of only 2 per cent. of copper increases the 
tensile strength of rolled aluminum from 12 to 194 tons 
oat? inch, while 6 per cent. doubles it; a further 
b ~_—— of copper increases both the hardness and 
90, tleness, but the alloys containing between 12 and 
rcent. of aluminum are industrially valueless. 
¢ Alloys with Tin.—From my own experiments I 


find the addition of not more than 4 per cent. of tin | 
b 


: aluminum gives a hard serviceable alloy with a 
aently improved color. Richer alloys are crystalline 

brittle. (Samples containing 2 per cent. and 50 
Per cent. of tin were exhibited.) 


‘? 
Weight in ‘ Time of Loss 
Specimen. Surface. Reagent. Temperature. > 
Grms. Exposure. Per Cent. 
2°4 per cent. aluminium bronze... .. . Wem. sq. 5 Ordinary. 50+ hours. 
acid. 
10 per cent., free from silicon ....... re 
10 per cent. aluminium bronse with ‘ 21 
per cent. of silfcon.® ee ope sur- | per cent. acetic 80°—-90° C. 16 
s 8. acid and 3 per 
Aluminium brass, per cent. cont. 
aluminium. salt.” 


bronze, normal colour, 


4a 


The action of the sulphuric acid developed a dark band in form” of a” spiral round 
f; n; the corrosion was apparently confined, altugether to this dark patch... Silicon al 


lens, which gave off sulphuretted hyd 


*s men tested in the Milton Laboratory indicates the influence of silicon on corrosion 1 
= strength, and elongation, gave following result :— Yy 


17°62 22 em. sa, | Pure cone. H,S0, 


roge 
iron is often left as a black insoluble powder on dissolving the bronze in aqua regia. 


A polished bar of 10 per cent. 


336 hours. 0°401 


the bar; this showed minute corrosion pits under 


ed with, 


CoMPaRATIVE ‘T'RaNSVERSE TESTS, ON Bars 1 IN. x 1 IN. x 12 IN. 
Gun Metal. Manganese Bronze. Aluminium Brass. 
Deflection Neflection | p t Stress | Deflection t 
eal Cwts. 
Cwts. Owts 
0°03 8 8 
10 07046 10 10 0°02 
12 
12 0°06 0-045 12 
0°09 0°05 4 0 06 15 0 
15 1b we ° 16 
18 
16 0°15 ows 0°06 16 007 
18 0°27 0°20 0°07 18 0 08 0 066 0 76 22 
20 0°46 0°38 0°08 20 0 098 on 0 08 
26 0°08 
22 0°65 0°10 22 
1°08 0-97 oll 2 
32 
26 1°59 0°13 26 
Shpped through supports. 35 e-12 on 
Permanent deflection, 3$ in. 80 9°20 0-075 0° 125 368 
38 
0°28 0°14 2 
36 ee oo “ 
ve on ow 18 0°20 0°04 0°16 
co won 50 0°06 
| 0-7 0°63 0-17 on 
“ 0°63 018 56 0°28 0°10 0°18 
on 60 0°35 0-16 0°19 
52 147 0-23 62 0°40 0°20 0°20 
6 0°46 0°26 
66 0°54 0°32 0°22 
Permanent deflection, 3% in. 68 0°63 0-23 
69 0°45 
70 0°00 0°23 
71 0°79 0°66 
Break. 
Permsoent deflection, in. 

The Alloys with Titanium.—For information as to|3 per cent. of German silver. It has double the tensile 
these alloys I am indebted to Dr. J. W. Richards, Pro-| strength of aluminum itself. Professor Richards had 
fessor of Metallurgy at Lehigh University, U. 8S. A.|samples of it tested at Watertown Arsenal, and while 

The alloy containing 2 to 3 per cent. (Langley’s pa-| not aoe equal tothe titanium — in tensile strength 
tent) gives a tensile strength of 40.000 to 60,000 lb. per| its elasticity was greater; this alloy is suitable for 
square inch in forgings; this alloy is especially useful| knives, spatulas, paper cutters, spectacle frames, and 
for horseshoes, stirrups, bits and small strong fittings. | all uses where e'asticity is essentia 

Alloys with Nickel and Zinc.—The addition of nickel| Alloys with Silver.—Aluminum alloys readily with 
lowers the melting point, and increases the hardness | silver in all proportions. With up to 6 per cent. of sil- 
and elasticity, if added in quantities not exceeding 2| ver the elasticity and hardness increase, beyond this 

| per cent. Above this figure the alloy is brittle and| proportion the brittleness increases, but alloys contain- 
| useless. ing up to 30 per cent. of silver are serviceable. These 

With zinc, aluminum forms hard, close-grained, brit- | alloys, owing to their hardness, lightness, bright luster 
tle alloys having a lower melting point than that of | and permanency, are excellent for art work. 
the constituent metals. A small ingot containing 10| Chromium Alloys.—For a description of these alloys 

recent. of aluminum and 90 per cent. of zine is among| I have to thank Mr. H. N. Yates. He finds from ex 

e samples on the table, A very useful alloy contains|riment that the addition of chromium increases 
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hardness, while it reduces the strength and ductility of 
the aluminum. 

Cadmium AlUloys.—Al\luwminum is said to form malle- 
able fusible alloys with cadmium in all proportions, but 
I have not been able to verify this statement. 

Alloys with Lron, etc.—Aluminum alloys readily with 
iron in all proportions, Aluminum containing more 
than 1 to 2 per cent. of iron is hard and brittle ; with 8 
per cent. the alloy crystallizes in needles, 

Iron containing 15 to 16 per cent. of aluminum cast 
in the chill is marked by the file with difficulty ; the 
fracture is fine and crystalline. 

An alloy of steel containing 1 per cent. of manganese 
with 7 per cent. of aluminum will just seratch glass. 
Although aluminum is said by some writers to dimin- 
ish hardness in iron, used in even small proportions, it 
is to my mind sufficiently clear that this depends en- 
tirely upon the change in the state of the contained 
carbon, 

Above 5 per cent. of aluminum rapidly destroys the 
magnetic properties of iron, and sowe time ago experi- 
ments were carried out in the Milton laboratory to de- 
termine whether this phenomenon would furnish any 
clew to the percentage of aluminum present in iron 
alloys, but the results were not precise enough for 
quantitative indications. 

The Use of Aluminum in Melting and Casting other 
Metals.—Very large quantities of the aluminum pro- 
duced go for use in iron and steel founding in Pais 
country, and Professor Richards and Mr. Yates report 
that there is hardly a steel melter in the States that 
tries to do without it, and that they are the largest 
users. This brings me to the consideration of the in- 
fluence of minute quantities of aluminum on other 
metals. The percentage used is so small that such 
mixtures cannot be truly termed alloys. The action of 
aluminum is probably twofold, chemical and physical. 
Chemical, owing to its affinity for oxygen and the sta- 
ble character of the oxide when formed; physical, 
causing changes in the structure of the alloy, crystal- 
line to non-crystalline. 

The effect of aluminum is due to— 

First. Its action on the combined carbon, changing 
it to the graphitoidal form ; the carbon is apparently 
liberated at the moment of solidifying and uniformly. 
0°25 per cent. of aluminum added to white iron renders 
it perceptibly darker in color, 0°5 per cent. darker still, 
and 0°75 per cent. renders it gray, with no sign of white. 
Up to 4 per cent. the effect is similar; the castings are 
softer and grayer as the aluminum increases. 

Secondly. Its action on the dissolved oxides of iron 
and silicon. These are reduced, with the formation of 
alumina, iron, and free silicon. 

Thirdly. Decomposition of gaseous and solid com- 
pounds of carbon with oxygen and hydrogen entangled 
in the molten metal. This is why aluminum is so valu- 
able in steel casting. Some experiments earried out 
by Professor Langley, of Pittsburg, explain this ac- 
tion clearly. Blow holes in steel are due to non-oxid- 
izing occluded gases, hydrogen, carbonic oxide, and 
nitrogen separating, under a pressure of many atmo- 
spheres, from steel just before solidification. It has 
been proved by repeated experiment that aluminum 
readily decomposes carbonic oxide below steel melting 
heat, forming alumina and free carbon. Professor 
Langley confirmed this by blowing 40 gallons of pure 
carbonic oxide through a crucible of molten steel con- 
taining aluminum, and obtained an increase of 35 per 
cent. on the carbon present before passing the gas. 
The quantities of aluminum used vary with the quali- 
ty of the steel. For open hearth metal with less than 
05 per cent. of carbon, 5 to 10 oz. per ton. For steel 
over 0°5 per cent. of carbon, aluminum must be used 
cautiously, the quantity usually being 4 to 8 oz. per 
ton. 

These quantities, you will notice, are very minute; 4 
oz, per ton being 0°0125 per cent., 16 oz. would be 0°05 
per cent. Professor Richards and Mr. A. E. Hunt have 
patented an alloy made by adding 10 to 20 per cent. of 
aluminum to ferro-manganese. The addition of the 
aluminum causes a separation of carbon, and an alloy 
with less carbon than ordinary ferro-manganese is ob- 
tained, admitting of melting softer steel with down to 
0-05 per cent. of carbon. As might be expected from 
its influence on iron and steel, aluminum is useful in 
the preparation of other metals. It is much used by 
American galvanizers and brass founders for adding to 
molten zine ; its action is to reduce the oxide dissemi- 
nated through the bath. Its effect on the galvanized 
sheets is at once perceptible. The amount used is 0°005 
to 0010 per cent. of aluminum, usually in the form of the 
4 per cent. aluminum alloy of zinc; one firm in the United 
States puts 2,000 tons of aluminum zine on the market 
yearly. The process is patented in this country. A 
smnall quantity added to copper, 0°05 to 0°5 per cent. 
decomposes entangled oxides and enables sounder and 
more ductile castings and ingots to be produced with- 
out hardening the metal or affecting its electrical con- 
ductivity. 

In conclusion I would say that the true value of 
aluminum is not yet known as it ought to be to those 
engaged in the metallurgical industries of this country, 
and in its use and applications we are behind the Con- 
tinent and the United States. In thefarsenals, ship- 
building yards, machine shops, and factories of France, 
Germany, Switzerland, Italy, Denmark, Russia, and 
the United States, aluminum and its alloys are taking 
the place of the older tin, zine, and copper alloys, of 
cast iron, and in some cases that of steel itself. 

I have to express my thanks to Professor Richards 
and Mr. H. N. Yates for communication of facts as to 
experiments and use of the metal in the United States; 
to the Cowles Syndicate Co. for specimens of alloys ; 
to Messrs. Blackwell for specimens of bauxite ; to Mr. 
Lloyd Barnes, of the Liverpool School of Science, for 
atest of the electrical conductivity of aluminum ; to 
Dr. Bailey for assistance in preparation of the dia- 

ms; and to Mr. C. Boundy for the use of his metal- 
laboratory. 


THIOCARBAMID, 


Sucu is the name of a new preparation for clear- 
ing and removing stains from negatives. It is very 
often noticed that the gelatine layers of negatives and 
positives assume discolorations through the use of 
certain developers, or when old fixing solutions are 
used. This discoloration makes such negatives or posi- 
tives undesirable. For bromide enlargements, for in- 


stance, which are still, to a great extent, developed 
with ferrous oxalate, it is necessary to use a special 
clearing bath to prevent the yellow staining which 
would invariably take place. To remove these and 
other stains, this new preparation in acid solution is 
specially suitable, and has the advantage (while leav- 
ing the image absolutely untouched) of bringing 
about a permanent removal of stains or discolora- 
tions, which cannot be said of other mediums. Its 
application is as follows: The negative or paper print 
(bromide or chloride silver plates and papers) are pre- 
viously fixed with hypo, and after the hypo has been 
thoroughly removed by washing, the negative or 
| paper print is put into the following solution until the 
| discoloration or stain has disap 


Another solution may be prepared by mixing : 
The formula of this preparation is as follows : 
Ss 4 NH, 
NH, 


The solution can also be used for fixing silver chlo- 
ride negatives and positives. It should be noted that 
an alkaline solution is inadmissible. 


[Continued from SuPPLEMENT, No. 952, page 15220.) 
CHEMICAL PROPERTIES OF GASES.* 
By FRANcIs C. PHILLIPS. 

(III) ORIGIN OF NATURAL GAS AND PETROLEUM. 


Soon after the early discoveries of oil and gas in 
Pennsylvania, the geologists proposed a hypothesis to 
account for the origin of these remarkable substances. 

Remains of the marine vegetation of the Devonian 
inland sea, as they were gradually buried under the 
later accumulations of sediment and exposed to gentle 
heat from below, underwent a slow process of destruc- 
tive distillation. In this way, all the varieties of pe- 
troleum and natural gas were produced. This view, 
adopted from a purely geological standpoint, seemed 
so plausible that for a long period no other was 
thought of. Mr. J. F. Carll, of the Second Geological 
Survey of Pennsylvania, has discussed the hypothesis 
very exhaustively in his various official reports. 
this view is correct, oil and gas are probably stored 

roducts, and are not being continuously generated at 
he present time. 

Opposed to this view is the more strictly chemical 
hypothesis of Mendeleeff, who, in 1876, expressed his 
belief that petroleum and gas are of igneous origin. 

On account of the high value assigned by astrono- 
mers for the mean density of the earth as compared 


| heavy metals are mainly accumulated at great depths 
| where a temperature of fusion may be assumed. Many 
|of these metals combine readily with carbon to form 
|earbides. Iron in form of a carbide, when exposed to 
|steam at high temperatures, is rapidly oxidized, the 
| hydrogen of the water then combining with the carbon 
set free and producing hydrocarbons. 

Citing experiments of Cloez, who produced mixtures 
of hydrocarbon oils by the action of hydrochloric acid 
| upon ferromanganese, Mendeleeff concluded that such 
|reactions have occurred at great depths below the 
earth’s surface by the contact of steam with incandes- 

cent metallic carbides. : 

During the upheaval of mountain ranges, crevices 
would be formed at the peaks with openings upward, 
and at the foot of the mountains with openings down- 
|ward. Thus there was opportunity for the water to 
| penetrate a ~y depths and for the hydrocarbons 
| to escape. he situation of naphtha at the foot of 

mountain chains is the chief argument in my hy- 
pothesis.” (Mendeleeff, ‘‘ Principles of Chemistry,” 
vol. i., p. 365.) 

According to this view, oil and gas are being con- 
tinuously generated, for there is no reason to suppose 
| that the masses of metallic carbides in the earth’s in- 
|terior are exhausted; such, in fact, seems to be 
Mendeleeff’s view. 

Mendeleeff points especially to the absence of large 


| 
argument in favor of the hypothesis. 


| ‘The objection has been urged against this hypothesis 
| that petroleum, if thus produced, should be abundant 
in the primary rocks, from which it is usually absent. 
The originally heated condition of these rocks would 
have prevented the condensation of oil, however, and, 
although the vapors may have passed through the 
earlier rocks, there is no reason to expect that conden- 


higher strata. 
While on geological grounds difficult to prove or 
disprove, it meets with one fatal objection. The com- 


y the supposition that superheated steam and carbon 
have been concerned in its formation. We should cer- 
tainly look, in such a case, to find natural gas com- 


tities of paraffins, olefines and carbon monoxide. When 
it is considered that paraffins alone cannot under any 
known circumstances be produced from the oxidation 
of carbide of iron by steam, the hypothesis does not 
seem to be tenable. 


might have produced a great variety of hydrocarbons, 
but no evidence has yet been obtained that paraffins 


made with ferromanganese and dilute sulphuric acid, 
the gas evolved was found to contain 6 per cent. of 
olefines.t It is further to be noticed that this hy- 
pothesis requires that water should take part in the 
process, yielding up its hydrogen, while, according to 


mospheric oxidation, if it has been concerned at all in 
the reaction. 
Water contains dissolved oxygen, and in descending 


* Read before the American Philosophical Society, March 17, 1893.— 
Light, Heat and Power. 
+ Experiments by F. C. P. 


| with that of the surface rocks, it follows that the | 


quantities of nitrogen compounds in petroleum as an | 


sation should have occurred before reaching much | 


sition of natural gas in Pennsylvania does not justi- | 


posed mainly of free hydrogen containing small quan- | 


It is true that varying conditions of temperature | 


alone result fromsuch a reaction. In an experiment | 


the older geological hypothesis, the water may have | 
served mainly to cover and give protection from at- 


| to the iron carbides, must have given off its Cissolveq 
| oxygen long before reaching the region at which actual 
| formation of hydrocarbons could occur. Henge 
| this hypothesis, oxygen should be found in nag, Me 
| gas in larger quantity than the chemical tests indi. 
cate. In fact, in rocks of moderately high conduetj 
power, a wide interval would exist between the 
depth at which the water boils and the much greater 
depth at which water vapor could oxidize metallie 
iron in quantity. It is doubtful whether water could 
have traversed this interval so as to reach the latter 
depth at all. 

ngler (Ber., vol. xxi,, p. 1816, and vol. xxii., p. 592) 
has published the results of interesting investigations 
upon the distillation products of menhaden fish jj, 
By conducting the distillation at a high pressure (95 
atmospheres), this author produced a mixture of hy. 
drocarbon oils from which a large number of normal 
paraffins were obtained, compounds not found else. 
where in nature than in petroleum. 

This has led to the revival of an older theory as to 
the origin of petroleum and gas, i. ¢., that they have 
resulted from the distillation under pressure and at 
low temperatures of the accumulated remains of 
marine life buried under the sediments of the ancient 
hee tte rt of tk 

uch has n written in su of the hypothes; 
‘of Engler, and it may be have gained vay 
general acceptance in Europe. 

Ochsenius (Chem. Zeitung, 1891, p. 936) has summar- 
ized many of the arguments usually adduced in sup- 
port of the hypothesis. 

This author says: Concerning the origin of pe- 
troleum, there is now no doubt that, with a few excep- 
tions, animal remains (inainly of marine life) have 
vielded the raw material.” 

Originally the opinion was held that it was derived 
from vegetable matters, because the accumulation of 
animal remains sufficient to account for its formation 
by any distillation process in the rocks could not be 
jexplained. Distillation of vegetable matters would, 
however, have left greater deposits of coal (as a residue 
in the Devonian rocks). But petroleum occurs in rocks 
of marine formation where coal is uncommon. Rocks 
| in which plant remains are found do not contain bitu- 
men (petroleum). If animal remains are associated 
| with those of plants, then bitumen is usually found. 
| The objection urged against the hypothesis of Eng- 

ler, that nitrogen does not occur in petroleum, is 

easily overcome by the fact that nitrogen of animal 
tissues tends finally to produce ammonia, and this in 
| the case of petroleum may have been carried away in 
solution by water ; hence, the absence of nitrogen com- 
pounds. 

From Engler’s experiments, it appears that animal 
fats are the chief source of petroleum. 

It is true that fatty matters do not ordinarily sink in 
| water, although Von Guembel, in the voyage of the 
| Gazelle, found fat globules in dredgings from the bot- 
tom of the Atlantic Ocean, in water 15,000 feet deep. 

Putrefactive changes would tend to yield consider- 
| able quantities of ammonia and carbon dioxide. These 
|in presence of salt water would produce alkali bicar- 

bonate and ammonium chloride. Hence, alkaline 
waters might be looked for in the neighborhood of pe- 
|troleum. The petroleum at Pechelbronn is associated 
with water containing 0°5 per cent. of alkaline car- 
bonate. (In Western Pennsylvania many cases are 
kuown of water having a decided alkaline reaction in 
the neighborhood of gas wells. In Murrysville gas 
territory, water of alkaline reaction was so abundant 
| as to seriously interfere with gas development.—Note 
by F. C. P.) Such alkaline waters are not known in 
| archean rocks, and are not, therefore, likely to be de- 
rived from greater depths than the rocks in which they 
are found. 

Probably no cases can be cited where fatty tissues 
alone of buried animals have yielded oil or gas. The 
presence of strongly saline water is apparently needed. 

Great differences occur in the chemical character of 
petroleum. Caucasian oils are mainly composed of ole- 
fines or substances related to the olefine group. The 
German oils are mixtures of paraffins and olefines, 
while the American are chiefly paraffins. Such differ- 
ences may be attributed to the character of the rock in 
which the distillation has oecurred. Sandstones will 
probably prove without action ; while limestones, by 
reason of their basic character, would tend to strongly 
| influence the products. 
Such are some of the arguments of Ochsenius in 
| favor of Engler’s hypothesis. 
| If this view is accepted, it follows that the genera- 
tion of petroleum and gas must be considered as & 
finished process, so far as all existing productive gas 
and oil regions are concerned. 

Engler has analyzed the gas evolved when (1) me 
haden oil and (2) when oleie acid are distilled under 
atmospheric pressure and under a pressure of 25 at- 
mospheres. 


| Menhaden Oil. Oleic Acid. 

iatmos. 25 atmos. jatmos. 25 atmos. 

| Methane... ... ess 38 3 93 436 
11°4 78 125 29 


Carbon dioxide.... 26°7 17°4 372 
Carbon monoxide... 34°9 34°5 386 
Incombustible resi- 
18 20 24 20 
(Ber., 1889, p. 592.) 


The liquid distillates produced at the same time that 
these gases were evolved were rich in the normal paraf- 
fins and their isomers. 

One hundred parts of menhaden oil yielded 8°9 parts 
of gas and 68 parts of liquid oils. 

A strong argument in support of the Engler HA 
pothesis is found in the fact that by distillation of 
oils, besides methane, several of the lower paraffins are 
| produced in large quantity. Hydrocarbons of the 

raffin series are not obtainable in such proportions 

y the distillation at high temperatures of other oF 
ganic material under ordinary conditions. 

It should be noted as a fact of much interest 4% 
regards the result of Engler’s researches, that in the 
distillation at higher pressures the proportion of 
fines contained in the gases evolved is consideraD! 
less. This is also true of carbon monoxide when © 
acid was distilled. It is to be regretted that Engler® 
experiments were not repeated at still higher pressures 
|in order to ascertain whether these same constit 


| 
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of the evolv 

pressure. 

Engler was the first to show clearly that the problem 

igin © 

of totical rather than the geological standpoint. 

po thesis advanced by this author has been very 
generally accepted. 

Nevertheless, ny examinations of natural gas have 

led me to doubt som 

as they seein. 


The most careful tests, carried on dur- | with the vast quantities of carbon, whic 
f six years, have failed to show the pres- | stages of transformation from ve; 


hydrocarbons of still less saturated character. 


tures and at pressures measured by great depth of 
rock strata. 
The carbon dioxide evolved in this destructive dis- 


e of his conelusions, well founded | tillation must have come continuously into contact 


in its various 
table tissue to an- 


iod 
ing ® Per either olefines or carbon monoxide in the thracite is so widely distributed throughout the rocks. 
| The reaction CO.+C =2 CO. which proceeds rapidly at 


ence of ei “ 
vo whe gas of Western Pennsylvania. 


f the constituents of gas are soluble in water. 
This is notably the case with carbon dioxide, butane, 


hexane, etc. 


roduce 
bens than Engler finds in menhaden oil gas, these sub- 


stances would now occur in the natural gas of Penn- 
svivania. Ethylene would give to the gas such illum- 
inating power that there would be no occasion for the 
use of coal gas in any town in the Western Pennsyl- 
vania gas region. Asa matter of fact, natural gas is 
almost useless as an illuminant, its light being equal 
to 5 to 11 candles per 5 feet of gas consumed per hour. 

Mr. Robert McKinney, formerly gas inspector of 
Allegheny County, found as a mean of forty trials of 
natural gas sup lied to Pittsburg an illuminating 
power of candles. 

Mr. J. W. Patterson, the present gas inspector of the 
county, states that the illuminating power of natural 


as supplied to Pittsburg in November, 1892, is a | 
The | 


little less than 11 candles per 5 feet per hour. 
reason for this is that natural gas, as found in Penn- 
sylvania, does not contain olefines. If carbon mon- 
oxide occurred in gas, there would have been in- 
pumerable cases of poisoning among workmen at gas 
wells. It is common to find such leaks of gas about 
the majority of gas wells that no one could strike fire 
at a well without risk of fatal consequences. Although 


} 


would then probably have occurred wherever the tem- | 
If ethylene and carbon monoxide have | perature was sufficiently high. 
d even in much smaller proportion in the! Prolonged contact of carbon dioxide with the car- 


| 
| 
| 


a strong heat and also slowly at lower temperatures, 


bonaceous residue of the distillation would perhaps be 
sufficient to increase considerably the final yield of car- 
bon monoxide. 

According to I. L. Bell (** Chemical Principles of the 
Manufacture of Iron and Steel,” p. 101), the reduction 
of carbon dioxide to carbon monoxide by carbon in 
the form of soft coke begins at 427° C. 

This is about the temperature at which Engler’s 
distillation experiments were conducted (360°-420° C.) 

ingler has shown that distillation of animal fats at 
very high pressure (25 atmospheres) may yield gas con- 


‘taining less of carbon monoxide and olefines than 


when the process is conducted under atmospheric pres- 
sure. No data are at hand as to results at still higher 
pressure. 

If it is conceded that the proportion of carbon mon- 


| oxide and ethylene in the gas evolved during destruc- 
‘tive distillation decreases progressively with increase 
|of pressure, and that these two constituents vanish al- 


inhaling the escaping gas for much of a lifetime, a gas , 


well driller will usually maintain that no bad effects to 
health come from exposure to the gas. Air containing 
02 percent. of CO is known to produce dangerous 
effects upon health. 

According to Wyss (Zeit. Ang. Chem., 1888, p. 465), 
air containing 0°1 per cent. of water gas is poisonous to 
breathe. 

It is hardly probable, moreover, that CO or C,H, oe- 
eurring in gas could have been absorbed or removed 
at low temperatures by any natural process in the 
rocks. Unlike carbon dioxide and ammonia, their 
slight solubility in water would preclude the supposi- 
tion that they had been dissolved away. uck 
(Grundzuge und Ziele der Steinkohlenchemie, 1881) 
cites analyses of fifty-seven samples of gas from coal 
mines and of gas occluded in coal. In only one ease is 
earbon monoxide mentioned, but it is distinetly stated 
that its occurrence was not proved. Ethylene is men- 
tioned in six cases, but Muck states that more recent 
analyses have failed to demonstrate its presence usually 
in gas from coal. The absence of hydrogen in all the 
analyses is especially noticeable 
from the Caspian region, the presence of ethylene and 
carbon monoxide is to be anticipated, as, from all ac- 


In the ease of gases | 


counts, subterranean heat has been concerned in their | 


production. (See table of analyses.) 

Thomas (Watt’s Dic., Thi Supp., p. 529) gives 
analyses of fourteen samples of gas occluded by coal 
and also of gas from blowers in coal mines in New 
South Wales. 
methane, nitrogen, carbon dioxide and oxygen ; but 
no carbon monoxide, hydrogen or ethylene was found. 
Franke (J. Pr. Chem. (2), xxxvii., pp. 101, 118) gives 


The analyses showed the presence of | 


overestimating the im 

It is generally true, however, that under such condi- | 
| tions secondary changes are probable, and that unsatur- | 
ated compounds—olefines, acetylenes, carbon monoxide 


together at sufficiently high pressures, it would still 
seem necessary to suppose that the pressure must have 
been at least twice as great when the process occurred 
in the rocks as in the case of Engler’s experiments. 

Taking the specific vity of the rocks to be about 
244, it may be assumed that 12 ft. of rock strata repre- 
sent a pressure of one atmosphere, 600 ft. of solid rock 
would then be required to produce a pressure of 50 at- 
mospheres. This would be considerably less than the 
depth of the same quantity of rock matérial in the 
form of loose sediment, before its consolidation. No 
ease can be cited in recent times where sediment 600 ft. 
deep has been so suddenly accumulated as to bury un- 
changed the vast quantities of animal remains neces- 
sary to account for the production of oil and gas upon 
Engler’s hypothesis that oi] and gas have resulted 
from the action of pressure and moderate heat upon 
animal matters. 

There is probably no reason to suppose that the 
gaseous olefines have, under the influence of pressure, 
given place to others of higher boiling point, by a pro- 
cess of polymerization. Should the possibility of such 


a change be proved, the absence of olefines from natu- 


ral gas and their presence in petroleum might be ex- 
plained. The possibility of secondary reactions among 
the constituents of a complex gas mixture at high tem- 
peratures and under pressure adds difficulty to the 
problem, and caution is needed to avoid the error of 
rtance of any given reaction. 


—are likely to result, especially when water vapor and 


earbon dioxide are present. 


It is a well-known fact that when petroleum is dis- 


‘tilled, considerable of unsaturated hydro- 


analyses of mine gases, according to which only carbon | 
|ing” or breaking up by heat of the hydrocarbons in pe- 
| troleum into simpler and less saturated compounds is 


dioxide and methane were found. Winkler (Jahresb., 
1882, p. 1063) found no hydrogen in nine samples of 
mine gas. Many similar statements might be cited, 
all tending to prove that hydrogen, ethylene and ear- 
bon monoxide do not occur in gases oceluded in coal. 

he occurrence of gas consisting of nearly pure nitro- 
gen, such as that obtained at Middlesborough, England 
(see table of analyses), in a region, therefore, where 
gas similar to Pennsylvania natural gas might be 
looked for, may perhaps be explained by the action of 
subterranean water upon deposits of coal or bitumin- 
ous shale. The dissolved air in such waters, by caus- 
ing slow oxidation, might lead to the production of car- 


CONSTITUENTS. 1 2 3 4 5 6 7 | 8 
} | 
Carbon monoxide. | 0 | 0 0 0 0 0 0 
Carbon dioxide. 095, 2°18 3:50 0 247) 4°44 | 08 
Defi 411 3°26 426 0 
| 92°99 93°07 92 24) 95 39, 97°57 95°56 — 
| om | | 0 0 
| 213} — | — | — | — | 
=e om => — — 153) 29 
| 


Now. 1, 2, 3, 4, 5, and 6, natural gas from the C region. Communi- 
4 by letter from Mr. M. Beliamin, of Nobel thers, St. Petersburg. 
bori is the result of a partial analysis. Nos. 7 and 8 gas obtained by deep 

‘rings at Middlesborough, England (Bedson, J. Ch. Soc., 1888, p. 662). 


a dioxide and the consequent removal of oxygen 
— the water. The carbon dioxide produced would 
‘ n the solubility of the water for nitrogen by caus- 
i — water to dissolve carbonate of lime, ete. Gen- 
leat from below would tend still further to the ex- 
sion of the nitrogen, and thus a considerable but 
mited quantity of nitrogen might be obtained as a 
sudden outburst from a drill hole. 

Pd may be said that varying conditions of tempera- 
an pressure, and kind of rock, have modified the 
ethylene so that perhaps the carbon monoxide and 
in from a laboratory experiment have 

ane s workshop given place to paraffins. 
chemistry of the reaction supposed to oc- 
at all, the fact that distillation 
cand in ats have produced from fish oil certain bodies 
oreibly pene gas (paraffins) should not count more 
sueh di eeclogical evidence than the other fact that 
abe Stillation yields bodies which are foreign to 

Thay te usually found in Pennsylvania. 
euanie, ailed to find any data tending to show that 
tion in matter can be subjected to destructive distilla- 
such a manner as not to yield carbon monoxide 


carbons are produce 
nal crude oil. 


familiar to all oil refiners. 
—oe the production of unsaturated hydrocarbons. 


of animal matters 


which did not exist in the origi- 
This is shown by the bromine absorp- 
tion of the different products. he process of ‘* crack- 
Chemically speaking, crack- 


he fact that Engler has, in his extremely interest - 


ing and important researches, produced by distillation 
sp great a variety of paraffins, con- 
stitutes by far the strongest argument in favor of his | 


‘hypothesis. 


Sorge, in an article which has been reproduced in 


‘numerous journals (J. Ch. Soc., 1848, p. 31, abstract), 


| 


has stated that a strong resemblance exists between 


| Pennsylvania natural gas and gas manufactured from 


Westphalian coal. Similarity in composition between 


natural gas and coal gas would greatly simplify the 
problem of origin, und the fact of such similarity would 
prove of great interest. 


In this counection, the following analysis of gas 


from Westphalian coal, carried out in the laboratory 
of the Westphalia Berggewerkschaftskasse. in Bochum, 


will be of interest. Iam indebted to Mr. Bergassessor 
E. Krabler, of Bochum, for the figures which he has 


kindly communicated by letter. 


1 2 
40 


The large percentage of hydrogen and the propor- 


| tion of CO in this gas illustrate at once the results of 
| high temperature in the production of coal gas, but a 


similarity between this coal gas and natural gas can 
hardly be said to exist. 


When vegetable remains are buried under water, as 


is well known, decomposition occurs, yielding gas in 
considerable quantity. 

Tappeiner (Ber., 1883. p. 1734) has studied the pro- 
duets of this change very exhaustively. 


Pure cellulose (filter paper) was found, under the in- 


fluence of a microbe, which was supplied with nutritive 
| fluids, to dissolve in water, yielding gas mixtures of two 
different types. 


Neutral Water. 

At Beginning. | At End, 
Carbon dioxid Per Cent. Per Cent. Per Cent. 

arbon dioxide ...... 

Hydrogen sulphide . . 85°48 
00 00 42°71 
Methane........ = 11°86 23 O1 00 
Nitrogem.... ..... 2°73 00 190 


| Cal, was used. 


ed gases diminish progressively with in- and considerable quantities of olefines, together with! From these experiments it appears that by the action 
As alof a microbe either methane and carbon dioxide 
‘rule, the acetylenes and benzol seriesappear. Engler’s (neutral fluid) or hydrogenand carbon dioxide (alkaline 
f oil and gas must be studied from the hypothesis involves the supposition that a process of | fluid) may result. Hoppeseyler (Ber. 1883, p. 122) found 
The distillation has occurred at moderately high tempera-} that gas evolved in the deca 


of cellulose under the in- 


fluence of a microbe (m gas fermentation) con- 


tained : 
Per Cent. 
Carbon dioxide ............ 50 
Popoff finds in a gas from decaying vegetable mat- 

ters: 

Per Cent. 
31°44 


Berthelot states that hydrogen is produced in the 
vinous fermentation of mannite. In very careful ex- 


| periments which I have tried I have failed to find hy- 
| drogen in the gas evolved during the fermentation of 


200 grammes of sugar. Chemical changes of this type 


| are not likely to be of importance, however, as regards 


the hydrogen question. 

Gases from Sea Weeds.—The following experiments 
were tried in order to study the nature of the gases 
evolved in the decay of sea weeds : 

A quantity of a large fucus kind from Santa Barbara, 
Fifty grammes of the air-dried plant 
were soaked in water and then introduced into a flask 
filled with water which had been previously boiled (in 
order to expel air) and cooled. The flask was connected 
with a hall’ tar over a mercury trough, After setting 
up the apparatus, po gas appeared until the third day; 
then a strong evolution of gas began and continued in 
slowly diminishing quantity ten days, when the pro- 
cess ceased. In all, 808 cubie centimeters of gas were 
collected. Analyses were made (1) of the first portion 
of 300 cubic centimeters, (2) of a second portion of 300 
eubie centimeters, and (3) of the last portion of 203 
cubic centimeters. The results are tabulated below : 


First Portion Second Portion Third Portion 


Per Cent. Per Cent. Per Cent. 

Carbon dioxide.. 18°23 32°47 53°44 
Carbon monoxide 0 0 0 
Ethylene......... 0 0 0 
Methane..... .. 0°30 0°28 0-08 
Hydrogen .. ... 62°24 48°97 42°02 
Nitrogen .. ..... 19°23 18°28 4°46 

100°00 10000 10000 


Carbon dioxide was determined by soda solution over 
mercury ; hydrogen by palladium asbestos, using a 
Hempel apparatus. e absence of CO and C,H, was 
proved by palladium chloride solution. Methane was 
determined by combustion with air, using a red-hot 
platinum tube. The carbon dioxide produced in the 
combustion was absorbed by baryta solution of known 
strength, and the excess of baryta determined by 
standard oxalic acid. The following facts are of espe- 
cial interest : 

1. The carbon dioxide increases toward the end of 
the decay. 

2. The hydrogen steadily diminishes. 

3. Methane occurs only in traces, 

4. Nitrogen occurs in such considerable quantity as 


/to render it probable that this gas is set free in the 
| process of decay. 


The same apparatus was kept in position for 244 years 
after the above experiments were finished. During 
that time a continuous production of gas was observed, 
but it was so slow that at the end of this period only 
about 30 cubie centimeters of gas collected. This was 
found to consist of methane 

I have examined the gases produced in swampy 

round in many different places. Samples were taken 
rom streams having muddy bottoms and in which 
vegetable matter had collected. Samples of gas have 
also been taken from salt marshes on the coast of 
Maine. 

Gas has also been collected from the very deep aceu- 
mulations of mud and decaying vegetable remains 
found in some parts of Lake Chautauqua. The gen- 


| eral result of examinations of these gas samples may 


be stated to the effect that the gas occurring in shallow 
swamps and streams consists of methane, carbon di- 


oxide, and nitrogen. 


In some of the much deeper swamp waters, where 
masses of vegetable debris of greater thickness are 
found (as in Lake Chautauqua), hydrogen oceurs in 


| very small quantity. Great difficulty is experienced in 
taking samples of gas from localities of the latter type. 
Tappeiner observes that the marsh gas fermentation 
is probably a very important source of methane in 


nature. 

The fact that buried vegetable matters may, after a 
brief period of rapid gas evolution, pass into a condi- 
tion of extremely slow decay adds greater force to the 


original theory of petroleum and gas, The occurrence 


of so large a proportion of free hydrogen among the 
gases evolv by vegetation in process of decay is a 
matter of great interest, as it suggests the existence of 


'an important souree of hydrogen wherever deeply sub- 


merged plant remains occur. Frankland (J. Ch. Soc., 
1883, p. 295) found that grass left to decay under water 


(air being excluded) evolved gas in three days of the 
following composition : 


Per Cent. 
Other cowbustible gases ..... ....... ... 251 


Vegetable tissue, after the somewhat sudden and 


tumultuous evolution of gas, seems to be capable of re- 
lapsing into an extremely slow and long-continued pro- 
cess of decay. c 
mains might become accumulated and buried deeply 
Under Water of Under Slightly under sediments before the tissues are materially ai- 
Reaction. Alkaline tered. 


After the first decomposition, such re- 


The generation of gas might proceed in the cold. It 


'seems hardly possible to ignore this probable source of 
natural gas in discussing any theory as to its origin, 
especially when it is considered that no other process 
in nature has been found to vield a gas at all similar in 
com 


»sition to that found in the rocks. 
Of the three hypotheses which have been proposed 
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to account for the production of oil and gas, two are 
open to a serious objection. 

The chemical changes supposed by Engler to have 
been the cause would probably yield gas different in 
composition from the natural gas now being obtained 
in such large quantity in Western Pennsylvania, and if 
the gas originally contained ethylene and earbon mon- 
oxide, it is not easy to explain their complete disap- 
pearance inthe natural gas I have examined from wells 
scattered over so large a region. 

The hypothesis of Mendeleeff would be much more 
diffieult to reconcile with the facts as regards composi- 
tion. The total absence of hydrogen could not be 
easily explained. The only process in nature which 
is known to yield gas similar in its constituents to na- 
tural gas is that which occurs in swamps and decaying 
masses of submerged vegetable remains. 


The important fact that the solid plant tissues may | 


be preserved for long periods after the preliminary gas 
evolution has ceased chows that the remains are likely 
to become slowly buried, to undergo the fermentation 
changes leading to the production of methane. 

Animal tissues can suffer no such arrest of decom- 
position. Decay once set in is carried rapidly onward 
to complete destruction without intermission. The 
contrast between the conditions in which animal and 
plant remains occur in the rocks seems to justify this 
statement. 

If chemical evidence shall count in the discussion, it 
is difficult to find a more satisfactory explanation than 
the older hypotheses which the geologists advanced, 
although in their treatment of the subject the strictly 
chemical arguments were neglected. 


[From Nature.| 
THE PLANET VENUS. 


From time immemorial the planet Venus has at- 
tracted the attention of mankind. Before the days 
when the “ optic tube” began to be turned toward her 
disk, Venus, we might say, was still in myth, and she 
was hailed as Hesperus and Phosphorus, according 
as she was an evening or a morning star, the fact 
that the same object was in question being then un- 
known. 

Shining as she does at times with a brillianey sur- 


passing any other body except the moon, it is only | 


natural that she should have been so often sung about 
by poets in all lands, liking her unto 


“the fair star 
That gems the glittering coronet of morn.” 


And she is highly honored by Homer, in that she is 
the only planet to which he refers: 


"Eonepos 5s na AAros év Wrarat aérmip. 
Hesperus que pulcherrima in cwlo posita est stella. 
To Galileo belongs the honor of first having viewed 


the planet through a telescope, but it is curious to re- | 


mark the lapse of time that he allowed to pass before 
he made his first observation. The discovery that 
Venus exhibited phases did not take place until the 
end of September, 1610, though Galileo first observed 
the satellites of Jupiter on January 7 of that year. 
That Galileo should veil this important discovery of 
the phases of Venus under a Latin anagram * does 


seem at first rather strange, but when one considers | 


the vast importance of the discovery in that it supplied 
a simple proof of the planet's revolution round the 
sun, one can understand that he would first desire to 
be quite certain of his facts before giving the key to 
the anagram. 

An historical fact of interest with reference to Father 
Castelli may be mentioned here. In Venturi’s collec- 
tion there is a letter from Father Castelli to the cele- 
brated Florentine astronomer, dated November 5, 1610, 
in which he asks Galileo whether Venus and Mars 
show phases. Galileo evidently did not wish to give a 
direct answer, so evaded the question by saying that, 
although he was engaged in various investigations, he 
was better in bed than out in the open air in conse- 
quence of great infirmity. It was not until December 
30, 1610, that he informed Castelli of his recognition of 
the cusps. 

With an ever-increasing number of telescopes at the 
disposal of astronomers, it is not astonishing that facts 
eoncerning surface markings, form, period of rotation, 
ele., should be rapidly forthcoming, and the sum total 


Fig. 1.—February 26, 1878 (Trouvelot). 


of what we now know about the planet has been gained 
at the expense of much labor and patience at the eye- 
piece end of the telescope. 

During the past three months Venus has been a 
striking object in the southwestern and western region 
of the sky, being in a position more than usually favor- 
able for observation. Toward the end of November 
last her great southern declination began to decrease, 
while the planet became brighter and brighter, pass- 
ing her greatest elongation east on December 6 On 
January 11 she attained ber maximum brilliancy, the 
crescent form gradually increasing until on February 
15, that is, at inferior conjunction, it was totally in- 
visible. Gradually the crescent will become visible 


* “ Hee immatara a me jam frustra legentur,” or with the letters pro- 
arranged—‘ Cynthie figuras emulatu Mater Amorum.” 


again, but in the inverse order, and we shall have an- 
other maximum on March 22, superior conjunction oc- 
eurring on November 30. Thus we know that Venus is 
| now lost in the sun’s rays, and is, in consequence, in- 
| visible to us as evening star for some time to come. 
| The accompanying illustration (Fig. 1) gives a drawing 
of the planet as recorded by Trouvelot in 1878, at a 
time when only a very fine crescent was visible. (The 
| bulging at the south-southeast portion of the crescent 
| was observed, and is not a defect in the drawing.) 

Of all the planets, Venus approaches us the nearest, 
her minimum distance amounting sometimes to ap- 
proximately five million miles, that is, about five times 
nearer than when she is furthest from us. Unfortu- 
nately, at these times her ithuminated disk is turned 
away from us, and all we can do 1s to direct our atten- 


Fria. 2.— Details of Snow-caps January 19, 1878 
(Trouvelot). 


| tion to the small crescent that remains before inferior 
eonjunction is reached. This accounts for the unecer- 
tain knowledge that we possess with regard both to 
surface markings and the period of rotation. The 
| latter question is still a moot point among astronomers, 
and it is interesting to note the historical sequence in 
which these investigations have been made. The first 
spots on the planet's disk were noted by Dominique 
| Cassini in October and June of the years 1666 and 1667 
| respectively, and from them he deduced a period of 23 
h. 2im. Bianchini, about 60 years afterward (1726-27), 
|ecame to quite a different result, substituting 24 days 
8 hours for that obtained above. Jacques Cassini, dis- 
eussing his father’s observations and those made by 
Bianchini, concluded that a period of 23 h, 20 m. satis- 
\fied both the old and new observations, but that 
| Bianchini’s value would not agree with that of his 


| 


February 5, 2h. February 5. sn. 44m 


Fic. 3 


father. This value seems for some time to have been 
aecepted, and Sechroeter’s (1798-99) and De Vico’s 
(1840-42) observations practically confirmed it. Fig. 2 
gives a view of the planet as seen on January 19, 1878, 
and shows the details in the polar spots sometimes 
available for ** period of rotation determinations. 
Thus matters stood till that keen-eyed observer 
Schiaparelli took the field. After a most careful study, 


extending over many years, in which some single ob- | 


servations were made extending over eight consecutive 
hours, he was led to make the statement that the rota- 
jtion of the planet is exceedingly slow, and probabl 
takes place in a period of 224 days 7 hours, the duration 
of the revolution of Venus about the sun. At Niece, M. 
Perottin has come to a similar view, expressing his 
opinion in the following words: “ Ne différe pas de la 
durée de la revolution sidérale soit 225 jours environ, 
de plus de 30 jours.” These two observers, especially 


Fig. 4.—Showing Irregularity of Terminator 
November 23, 1877 (‘Trouvelot.) 


the former, thus upset our whole belief in a short dura- 
tion of the period, but we are still again brought to 
eonsider the question from observations emanating 
| from another source. We refer to those made by Prof. 
Trouvelot (see Natwre, vol. xlvi., p. 470), whose opinion 
| is of great weight. 
| The importance of his work lies in the fact that it 
| was carried on at the same time as that of Schiaparelli 
| ‘souvent dans la meme journée, sous un ciel également 
ropice et précisément sur la meme point de la planéte.” 
| he value ultimately deduced was 23 hours 49 minutes 
28 seconds, which again brings us back to a short 
period. In referring to Schiaparelli’s observations he 
says: ‘‘La cause probable de l’erreur de M. Schiapa- 
reili semble résulter de ce fait que les taches h et k, qui 


ont servi de base a ses conclusions, faisaient 
la tache polaire wnéridionale qui, ¢tant située ce de 
ment sur l’axe de rotation de la planéte, semble matt 
stationnaire, comme cela se voit sur la tache Polaj 
Mars, quand elle se trouve réduite a de faibles di 
sions.” He also refers to the general features visi 
on the planet’s surface as indications of a ra id 
tion, especially that of the rapid deformations tn 
terminator and hours. the 

Thus we are left with the choice of two peri 

long and consisting of 224 days, the other short fa 
hours: nearly. We leave our readers to adopt ‘the 
which they think best, the balance of favor falli 
our opinion, slightly toward the 24 hour side of the 
seale. But just as Schiaparelli’s observation of the 
doubling of the canals of Mars was finally obsery, 
and universally accepted, so perhaps time may = 
his case as regards this period of rotation. aoe 
Some of the most recent work on the planet Ven 
relates to the measurement of her diameter. Amon a 
few of the reduced measures the following may 
‘given: Hartwig, with the Breslau heliometer from 
| forty-three observations obtained a diameter of 17°67 
The same observer, trom a_reduction of the Oxford 
observations, and also from Kaiser’s observations with 
_Airy’s double image micrometer, obtained 17°-582 ang 
17° 409 from thirty-three and thirty-four observatig 
respectively. Auwers from the transit of Venus meas. 
ures deduced the value 16°'801, while Aimbronn,* frog, 
thirty-four obsérvations, measured the diameter ag 
TTL 

Among other interesting points to which we might 
refer are the planet’s visibility in full daylight, the 
snow caps, the secondary light, the planet’s form, ete, 
| Each of these has raised a host of questions at yari. 
ous times, which even yet are not fully answered. The 
question as to the form of the planet itself is also one 
full of interest, and observers, from Beer and Madler 
down to Trouvelot, have made numerous drawings of 
the different appearances. Observations have shown 
that the surface, or whatever it is that we look at, is 
by no means level, but extremely uneven or irreguiar. 
Such irregularities can be best detected naturally at 
the terminator and limb. Fig. 1 indicates a bulging 
at the limb, while Fig. 3 shows a similar phenomenon 
at the terminator at two different times—February 5, 
2h. and 5h. 43m. (Perhaps this is one of the best 
proofs of a “‘short duration ” period for rotation.) 

Fig. 4, which we also owe to Prof. Trouvelot, shows 
amore decided case of irregularity, and on perhaps a 
much larger seale. 

Much remains, however, to be done before we are on 
anything like a footing with this planet as we are with 
Mars. With this latter we can observe directly the 
land and water markings, time to a second the period 
of rotation, observe local storms, and many other de 
tails; but with the former the case is different. Here 
the planet is for the most part lost in the rays of the 
| sun, or at other times not very easy for observation. 

That Venus has an atmosphere is a fact which has 
long been known, and that this is denser than the 
;earth’s envelope is also very probable. The part this 
| atmosphere plays in the determination of the period of 
rotation seems to be of great importance, and it is 
rather a question of whether we have been, observing 
real rigid markings on the planet itself, or only what 
has been described as “‘a cheil of clouds, the appear- 
ances interpreted to signify the existence of lofty moun- 
tains, snow caps, vast chasms, and crater-like depres- 
|sions, are really nothing but the varying features of 
cloud scenery.” 

Whichever the case may be, future observation has 
still to show ; but it seems that with the rapid advance 
now taking place in large instrument making, sucha 
question as this could be settled, given a few fine even- 
ings or mornings near a favorable time of observation, 
a clear and still air, and a large aperture. Such oeca- 
sions, perhaps, may be rare, but the point at issue is 
important, and should be settled as soon as a 


| 
THE MEGALADAPIS. 


A GIGANTIC LEMURID RECENTLY DISCOVERED IN 
MADAGASCAR, 


| THR great African island of Madagascar, the area of 
which exceeds that of Italy, is, like Australia, a true 
| continent, or rather the remains of one, verv distinct 
|in its fauna from Africa, of which it is so close a neigh- 
| bor from a geographical point of view. This fauna 's 
| especially characterized by the presence of numerous 
Lemuride or makis, quadrumanous mamunals, called 
also lemurs and false or fox-nosed monkeys, and whieh 

here replace the true monkeys that are so numerous ID 
Africa. We find, indeed, a few Lemurids in Africa 
_and in Malaisia, but they seem to be isolated there, 
‘and as if lost in the midst of a fauna of an entirely 
different character. In Madagascar, on the contrary, 
they form two-thirds of the mammiferous population, 
and it cannot be doubted that they are located in theit 
true country. 
| We find also on this island a very curious cat, the 
| Cryptoproctus, which is a plantigrade, while all the 
other cats distributed throughout the entire Wo 
with the exception of Australia, are digitigrades. 

Finally, Madagascar is destitute of indigenous rama 
ants. 

These zoological peculiarities give this island 4 
feature of oddness almost as great as that whieh 
distinguishes Australia. In order to find & fauna 
comparable with that of this island we must ge 
back to the ancient geological ages and examine 
the fossils that characterize them. We find, then 
not without surprise, that in Eocene and nom 
‘times, that is to say, at the beginning of t 
‘great tertiary period, animals similar to those ~ 
still live in Madagascar stocked the forests of t 
‘country now called France. The Carnivore, whose “4 
mains are found in the Eocene of Quercy and ri 
Miocene of Saint-Gerard-le-Puy, and which Mr. 


hol has named Proailurus, searcely differ from the 


and 
of 


Adapis and Necrolemur, were tree-inhabiti in 
mana very nearly akin to the makis of Mndagesee a 
_aword, true Lemurids, Such approximation 


* See Asir. Nachr., No. 3004, p. 190. 
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surprises that science has prepared for us. 
of the leat cascar has, up to the present epoch, pre- 


Thos an Eocene fauna, just as Australia still pos-| 
| Madagasear are all small or of medium size. 


a cretaceous, that is to say, secondary one. 

m what has just been said, it will be seen how 
interesting it would be to know the geological faunas 
that preceded that which still exists in Madagascar. 


These ane 


jent faunas, however, are almost entirely un- 


paleontologist, has deseribed under the name of 


| Megauladapis Madagascarensis. 


As well known, the Lemurid# that now inhabit 
The 
largest of them, the short-tailed indris (Jndris brevi- 
caudatus), called by the Malgaches “‘man of the 
woods,” and which we represent herewith (Fig. 2) for 
the sake of comparison, attains scarcely three feet in 


A .L.Clement 


CMe all 


Fie. 1.—SKULLS OF THE INDRIS AND MEGALADAPIS. 


1 Skull of indris (<4). 
seen from above. 


known to us, despite a few isolated discoveries well 
caleulated to excite the zeal of paleontologists. 

In 1851, in fact, that is to say, more than forty years 
ago, there were discovered in some relatively recent 
strata in Madagascar some eggs of huge size (of a capa- 
city of two gallons) along with the bones of a bird 
that must have laid them, and which Geoffroy Saint- 
Hilaire designated with the name of Apyornis maxi- 
mus. It was an Apteryx nearly ten feet in height, the 
most massive of all known birds, since in this respect 
itexeeeded the Dinornis, which was more slender. In 
the same strata were discovered later on the remains 
of a hippopotamus (Hippopotamus Lemer/le?) different 
from those that exist in Africa. This is about all that 
weknow concerning the ancient fauna of Madagascar. 
A long interval had to elapse before any new dis- 
coveries should be made. Very recently, however, 
these paleontological researches have been resumed 
with new ardor, and this time with more encouraging 


2and 3. Skull and lower jaw of megaladapis (x 44). 
5 and 6. Upper and lower tooth of the same (of natural size). 


4. Skull of megaladapis 


height when it stands upright upon its hind feet. Its 
skull is no larger than that of afox, 

The Megaladapis was three times larger, thus giving 
this great Lemurid the stature of the orang-outang 
or gorilla, but with a very different aspect and very 
different proportions, according to all appearances, 

In Fig. 1 we represent the skull of this animal re- 
duced to a third of its natural size. Alongside of this 
is placed the skull of the indris reduced to the 
same scale, thus permitting one to obtain an idea of 
the real dimensions of the Magaladapis. The teeth 
of the latter are figured of natural size. It will be seen 
that they are stronger than those of man and com- 
parable to those of the gorilla. Finally, the head 
of the indris, a front view of which of natural 
size is shown in Fig. 3, gives us an idea of the phy- 
siognomy that a Lemurid three times larger must 
have possessed. 

The skull of the Megaladapis is 8 inches in length, 


Fie. 2—SHORT-TAILED INDRIS OF MADAGASCAR, 


ea The fossil remains that are found, especially 
pm © ancient, partially dried marshes that abound in 
it ain parts of Madagasear, are very abundant, and 
eatin °8 if the study of them ought to throw an 
“atirely new light upon the ancient fauna of the great 
ndof the Indian Ocean. 
ion © most remarkable of such remains is the nearly 
Dlete cranium of a large Lemurid of an extinct 
*eties, Which Mr, Forsyth Major, the well known 


molar, which 


and, as the anterior part is broken, it will be seen 
that the head of the living animal must have exceeded 
that length. The width at the orbits is 4'4 inches. 
The last upper molar is more than 7-10 of an inch 
in its greatest diameter, and the corresponding lower 
is greatly elongated, is more than an 
inch in diameter. 


in front, although the cavity of the orbit communi- 
eates widely behind with the temporal fossa, this 
distinguishing them from the monkeys, in which this 
communication is closed, as in man, by the consolida- 
tion of the frontal bone with the sphenoid and malar 
bones. Besides, the lachrymal duct is situated outside 
of the orbit, and not within, as in man and the mon- 
keys. Notwithstanding the elongation of the muz- 
zle, the dentition is quite similar to that of the 
American monkeys, but the lower incisors point out- 
wardly and are sometimes reduced to two, as in the 
indris. The dentition, moreover, varies much from 
one genus to another, and the adult, through the 
effect of age, often loses one or more pairs of teeth 
that are present in the young, so that the dental 
formula of the latter is always more normal than that 
of the adult. 

The Megaladapis presents the cranial and dental 
character of the Lemurid#, but modified ina very 
special manner and of which no example is known 
among the living species. 

What strikes us at first sight when this skull is ex- 
amined alongside of that of other Lemuridw is the 
narrowness of the cerebral case, which seems out of 
proportion with the elongation of the facial region, 
and the strength and heaviness of the jaws. The 
present Lemuridz have, indeed, an elongated muzzle 
(like that of a fox), but their skull is always much 
more rounded and inflated behind than that of the 
Megaladapis. The cerebral cavity of the latter is no 
more than three inches in length, so that the 
brain of this large Lemurid was no larger than a hen’s 
egg. It is the ordinary size of the brain of the indris, 
whose skull is three times shorter. Now, it appears 
that the indris possesses only quite a moderate amount 
of intelligence. If we admit that the intelligence is 
always proportionate to the development of the brain, 
we may conclude therefrom that the Megaladapis was 
a pretty stupid animal. On the contrary, it must have 
yossessed great muscular strength. The skull that we 
1ave before us must have afforded an attachment to 
powerful muscles. The saggital crest that occupies 
the summit of it, the very large zygomatic apophyses, 
the deep temporal fossa, and the size of the teeth are 
an evident proof of this. In its entirety, this skull re- 
calls that of the large monkeys, such as the baboon, 
the chacma, and the mandrill, the stature of which 
approaches that of the anthropoids and which have 
also a greatly elongated head and a huge jaw, which 
has given them the name of Cynocephali or dog- 
headed monkeys. The Megaladapis was a cynoce- 
phalous or dog-headed Lemurid, at least at the adult 
age, for, like the monkeys, the young must have had a 
more rounded skull and borne more resemblance to 


Fie. 3.—HEAD OF INDRIS (Natural size). 


the other Lemurids. The orbits of the Megaladapis 
are remarkable by their form, being quite different 
from that of the makis. The latter, almost all noctur- 
nal, have very wide orbits directed outwardly, almost 
touching upon the median line. Here, on the con- 
trary, the orbits are very wide apart, and lateral or 
directed obliquely, forming a sort of funnel—an ar- 
rangement found again, up to a certain point, in the 
indris. The eye of the Megaladapis, instead of being 
large and prominent, asin the present Lemurida, 
must have been sunken and protected by the orbitar 
frame, a conformation that indicates habits less truly 
nocturnal than those of the present Lewurids. 

The teeth of the upper jaw (the three premolar and 
three posterior molars) all have three turbercles, two 
external and one internal, but it is easy to see that this 
latter is formed by the fusion of two tubercles. This, 
however, is quite common in the Lemurids, some of 
which have molars with four tubercles. as the indris, 
while others, and particularly certain species of small 
size (of the genera Lipilemur and Cheirogaleus), have 
but three. As in these small species, the Megaladapis 
»resents a last molar as strong as the one next to the 
fast. while the posterior tooth is notably reduced in 
the indris and the wakis properly so called. The lower 
molars are of the ordinary four-tubereled type, except 
the last, which has five tubercles and is much elongated 
in consequence of the presence of this fifth tubercle, 
forming a spur. ‘This lower posterior molar, elongated 
and with five tubercles, is observed in the Lepilemur 
and in the fossil Adapis. It exists also in the cyno- 
cephalous monkeys, in the Oreopithecus, a large 
monkey of the tertiary of Italy, and is found again in 
the omnivorous ungulates of the group of hogs. 

The front teeth are wanting in the upper and lower 
jaw which we figure and which are fractured at the 
point of insertion of the canines. From an examina- 
tion of what remains, it is probable that these canines 
were of middling size, as in most of the Lemurids. 
The form of the symphisis of the lower jaw, which is 
very high and very strong, proves that the lower 
canines and incisors were almost straight and not 
slanting like those of the indris and other Lemurids. 
The Megaladapis presents several points of resem- 
blanee with the Adapis of the tertiary of France, par- 
ticularly with the Adapis magnus. Such are the 
presence of a saggital crest and the form of the orbits 


The Lemuride of the present epoch are character- 
ized by their orbitar frame forming a complete circle 


and that of the teeth of the lower jaw, etc. 
This type undoubtedly belongs the order of Le- 
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murids, but, 


to constitute a family apart, akin to but distinet from 
In every respect, it is 
a very specialized type, which, after it has become 
better known, will doubtless form a new link connect- 


that of the present Lemuride. 


ing the Lemurids with the Ungulates. We know that 


Mr. Milne-Edwards has shown that the makis, by their 


internal organization, are closely related to the Suide, 
and we may recall the fact that Cuvier described the 
Adapis as a small ungulate akin to the daman. It 
not impossible that the Mega/adapis was a Lemurid 


on the way to a transformation toward the type of the | 
Ungulates, the same as the aye-aye or Cheiromys is a| 


Lemurid that is becoming transforined under our eyes 
into a rodent. 

The skull of the Megaladapis came from the same 
marsh of Ambolisatra in which not long ago were 
found the remains of the 4/pyornis and hippopotamus 
of which we have already spoken. The geological 
strata are of recent origin, for we find therein the 
bones of the domestic ox introduced into Madagascar 
by man. All the bones have that modern aspect 
which paleontologists characterize by saying that they 
are subfossil, and several exhibit traces of the hand of 
man. 

The Megaladapis has however a well-marked tertiary 
aspect, and this is the first time that a fossil mammal 
so different from al) the maminals now living has been 
found in Madagascar. We can searcely doubt, how- 
ever, that this large Lemurid lived at a relatively re- 
cent epoch,and was hunted and eaten by the first men 
who introduced the domestic ox into Madagasear. 

What gives much weight to this opinion is the fol- 
lowing passage from Flacourt, the first historian of 
the great African island, and which seems to refer to 
the Megaladapis or to some large Lemurid closely re- 
lated to it: 

* The tretretretre, or tratratratra, is an animal as 
large as a two-year-old calf, and which has a round 
head and a man’s face; the fore-feet like those of a 
monkey, and the hind ones also. It has curled hair, 
a short tail and ears like those of aman. It resembles 
the tanache described by Ambroise Paré. It has been 
seen near Lake Lipomani, in the vicinity of which is 
its lair. Itisa very solitary animal that the people 
of the country bold in great fear and run away from, 
as it also does from them.” * 

With the exception of the round head and the size, 
which is doubtiess exaggerated, this description by 
Flacourt applies to the Megaladapis very well. If we 
reflect, moreover, that the head of the living animal 
must have been covered with one of those shocks of 
eurled hair which, in the present Lemurids, greatly 
increase the volume of it behind the ears, it will be 
agreed that there exists at least a singular coincidence 
between this deseription and the discovery recently 
made in Madagascar. Thedata given by Flacourt as to 
the fauna of the island are, as a general thing, very ac- 
curate, and most of the animals that he deseribes have 
been found by the naturalists who bave succeeded 
him. It is therefore permissible to believe that rare 
survivors of this large species of Lemurid were still 
living, “ very solitary,” as he says, at the epoeh of his 
sojourn in Madagascar—that is to say, in the middle 
of the seventeenth century. 

However this may be, an examination of the skull of 
the Megaladapis permits of representing the latter as 
a Lemurid of a size comparable to that of a mandrill, 
and, like the latter and the indris, destitute of a tail. 
Like the cynocephalous monkeys, it must have inhab- 
ited mountainous and rocky districts and have oftener 
remained upon the ground than in trees. It ascended 
the latter only to obtain its food, which must have 
consisted of small birds, leaves, and fruit. Its strength 
must have been very great, and when it was attacked, 
its teeth and its robust arms must have rendered it 
tormidable to man himself. But its intelligence was 
of a low order, so that it was easily exterminated by 
the population (probably of Malaisian origin) that 
colonized Madagasear, and that seized every opportun- 
ity of killing it with spears and saga?es in order to feed 
upon its flesh. We can wait to soon possess new data 
in regard to this large Lemurid and to the other mam- 
mals, now extinet, that constituted the tertiary fauna 
of Madagasear. Among the bones recently sent from 
this island to the Museum of Paris, and a description 
of which will be given by Mr. Milne-Edwards, there is 
a humerus that might well have belonged to the Me- 
galadapis.—H. Trouessart, in La Nature. 


ACTION OF LIGHT ON BACTERIA. + 
By Prof. H. M. WARD, F.R.S. 


A THIN film of gelatine or agar, in which spores or 
bateria are evenly distributed, is spread over the flat 
bottom of a shallow glass dish. The lid of the dish is 
a plate of ground glass, in which one or more slots, 
about ‘4 inch wide and 2's inches long, are pierced 
The spectrum is so arranged that the light rays fall 
perpendicularly on the film carrying the spores, ete., 
and can only reach the latter through the slots, all 
other parts of the plate being covered by tin foil and 
black paper. 

When the film has been thus locally exposed for a 
certain number of hours to the spectral rays, the 
culture is put into the incubator. All those parts 
protected from the light entirely behave as in any or- 
dinary culture—the spores germinate out and develop 
colonies, and the previously transparent film (trans- 
parent because the spores are too minute to affect it) 
becomes opaque. 

Under the aot, however, the spores were exposed to 
the various rays of the successive regions of the spec- 
trum. On one part of the exposed area the infra-red 
rays fall; on another the red, on another the orange, 
and so on with the yellow, green, blue, violet, and ultra- 
violet rays. 

If any of these rays kill or injure the spores they fall 
a, Obviously the latter will show the effect », not ger- 

* De Flacoart, Histoire de la grande Ile de Madaga:car (1658), p. 154. As 
to the * tanache,”’ or rather “ thanaeth,” of Ambroise Pare, the description 
of which is tound in the book on Des Monstres tant lerrestres que marina, 
avec leurs Po traits, the passage that refers to this animal is marred by 
fabulous traits that we are surprised to find coming from the pen of the 

reat surgeon, so fall of learning and good sense in the rest of his writings. 
¢ see, nevertheless, that ir is a question of a large anthropoid monkey, 

»*bably of a chimpanzee, carried on board of a ship commanded by Andre 

henet in his voyage through the Red Sea. (Cf. A. Pare, Gurvres Com- 
pletes, Malgnigne edition, 1840, t. 777, p. 786.) 

+ Lately read before the Royal Society. Nature, 


with Mr. Forsyth, we think that it ought 
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minating*at all in the incubator, after exposure, or by 
rerininating more or less slowly and feebly in compari- 
}son with the uninjured spores. 

Wherever the spores do not germinate at all, the 
gelatine remains transparent ; where they only germin- 
ate and develop into slowly growing, feebie colonies, 
the transpareucy of the gelatine film is merely clouded 
more or less; whereas where they germinate and de- 
velop as vigorously as on the unexposed parts of the 
film, the latter is rendered quite opaque. 

Obviously these differences, or contrast effects, can 
be photographed, and the following is a photograph of 
a A treated as described. 


ACTION OF LIGHT ON BACTERIA. 


In all cases so far examined, both the solar and elec- 

| trie spectra show that no action whatever is percepti- 

| ble in the infra-red, red, orange, or yellow region, 
| while all are injured or destroyed in the blue and violet 
regions. 

The exact point when the action begins and ends is 
not thesame in all the experiments, though very nearly 
|so, but it must be reserved for the detailed memoir to 

discuss the various cases, 

Broadly speaking, the action begins at the blue end 
jof the green, rises to a maximum as we pass to the vyio- 
| let end of the blue, and diminishes as we proceed in the 
| violet to the ultra-violet regions. 

Some especially interesting results were obtained 
with the electric spectrum. In the first place, the re- 
sults with glass prisms, lenses, ete., were so feeble that 
| it was necessary to employ quartz throughout. 
Secondly, the bactericidal effect is found to extend 
'far into the ultra-violet. The intervention of a thin 
| piece of glass results in the cutting off of a large pro- 

portion of eflective rays. 
| These results suggest evidently that the naked are 
| light ay prove to bea very efficient disinfecting agent 
in hospital wards, railway carriages, or anywhere 
| where the rays can be projected directly on to the or- 
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| THE ACARI. 
| Av the recent annual meeting of the Royal Micro- 


| with special organs for adhering to inseeta sammie 
the species are widely distributed under cima thus 
where they would otherwise perish. The sty 
then spoke of his recent researches into the a Pte. t 
| between many Acari (Gamasids) and certain , 
whose nests they live, and of a still stranger and ia i 
, to unrecorded case, even more lately observed b 
|in which a species of Acarus (Bdella) lives habit hi, 
| in a spider’s web in harmony with the otherwi 
| ferocious oecupant. The speaker then shortly de 1 
{ed his recent discovery of the extraordinary way4 

which female Gamasids are fertilized, a ~permaties “ 
sule being conveyed to its destination by the mandine, 
of the male. Finally, the descent of the Acari les 
discussed. = 


Scientific American Supplement, 


PUBLISHED WEEKLY. 
Terms of Subscription, $5 a Year, 


| Sent by mail, tage prepaid. to subse 
| part of the United States or Canada. 
year, sent, prepaid, to any foreign country. 
All the back numbers of THE SUPPLEMENT, fromthe 
commencement, January 1, 1876, can be had. 
10 cents each. : 
All the back volumes of THE SUPPLEMENT can dike 
| wise be supplied. Two volumes are issued yearly 
| Price of each volume, $2.50 stitched in paper, or $i. 
| bound in stiff covers. 
COMBINED RATEs.—One copy of SCIENTIFIC AMBRE 
|CAN and one copy of SCIENTIFIC AMERICAN Suppyg. 
iberal discount to booksellers, news agente, 
canvassers. = 
MUNN & CO., Publishers, 
361 Broadway, New York, N, ¥, 


ribers in 
Six dollars 


TABLE OF CONTENTS. 


|. ASTRONOMY.— The Planet Venus. A popular and interesting ae 
ticle on the different aspects of the planet.—é illustrations,......., 


ll. BACTERIOLOGY .—Action of Light on Bacteria. By Prof. 

WARD.— Results obtained by exposing bacterial cultures thy 
the spectrum.—Possibility of disinfecting action of the are 
—l1 illustration. 


IIL. CHEMISTRY. Chemical Properties of Gases..By Francs @ 
PHILLIPS.—Continuation of this valuable paper on theoriginef 
natu ases and petroleum es) 

Hot Water Funnel.—-Simple laboratory appliances for hot filtt™ 
tion.—1 illustration. ... 


IV. ELECTRICITY. —Electrically-propeiied Vebicies for 
Roads.—Electrical vehicles now being exhibited in London,-4 


Reciprocating Machinery and the Prevention of Vibration. 
w. ORBY BEAUMONT. A valuabie paper on thesubject 

ereasing importance in the use of high speed 


Water Tube Boilers. One of the recent steam 
i i fi d.—First install t of an exhaustive article 
on the subject. -10 ifustrations... 


VIL. METALLURGY.—Blower for Smelting on a Large Seale-—A 
rotary blower of the turbine type and great capacity.............-- 
The Manufacture and Industria! Value ot Aluminum Alloys— 

By J. H. J. DAGGER.—A very valuable and exbaustive article on 
aluminum alloys, with very 


VIIL. MISCELLANEOUS.—Apparatus for Preventing Accidents in 
Factories.—Apparatus for instant!y stopping the motion of mar 
chinery in cases of emergency in factories. —2 illustrations 

Riders of Many Lands.—English notes on Col. Dodge’s celebrat- 9 


A most i 


IX. NATURAL HISTORY.—The Megala uteresting 
descri the island of Mada 


is. — 
ption of one of the typical ani sof 
gascar, with full illustrations. 


Sillustrations. .. 
X. PHOTOGRAPHY.— Thiocarbamid.—The use of thiocarbamid for 
clearing and removing stains from negatives. with formula......, 1 


XI. PHYSICS.—Flow of Solids.—Notes on Tresca’s experiments...... 5 


XII. RAILROAD ENGINEERING.—Early English Locomotives.— 
interesting illustrations of early English engines.—? illustrations. 2 


|scopical Society, Mr. A. Michael, president, de- 
|livered the annual address. He took for his subject 
| the growth and present state of our knowledge of the 
| Acari. The name Acarus” was probably first used 
by Aristotle; it means uneuttable. But Aristotle did) 
not anticipate Cambridge rocking microtomes, and the 
president exhibited a set of over 120 serial sections cut 
from a far smaller Acarus than Aristotle could ever 
have seen. The president then described what an 
Acarus really is and in what respects it differs from 
other Arachnida, a distinction which is erroneously 
stated in almost all text books of zoology. The class- 
| ification of the began with Linneus; 
|it was shown how difficult it is to identify a Linnean 
| species, and the progress of classification was shortly 
|traced from the single Linnean genus to the two 
| hundred and twelve genera admitted by Trouessart, | 
| one of the latest writers on the subject. The president 
‘then referred to the fact that many of the predatory | 
| Acari had not any special organs of vision, and yet) 
| that they were most active creatures, and would catch | 
| such agile inseets as Thysanuride without constructing | 
| any web or trap, and did not seem to suffer in the least | 
|from their eyeless condition ; ie had seen small and 
| weak Acari quietly waiting until large ones had finished 
| feeding before they ventured to attack the leavings, 
| although both were blind. The various forms of acarine 
parasitism and commensualism were then described, in- 
|cluding one where a parasite lives in the fur of the | 
rabbit, not feeding on the host, but on other parasites 
which really do so, and the number of these which it | 
| willdestroy is amazing. The president then illustrated 
| the principal families of Acari by selecting one or two 
|instanees of each, which were specially interesting | 
either from their habits, their anatomy or otherwise. 
The Sarcoptide, or bird parasites, were represented by 
a parasite of the cormorant,discovered by the president, 
in which the male has one leg much larger than the 
| other ; and the skeleton of the body is greatly modified | 
jto support it; but the enlarged leg and modified | 
skeleton are on the ight side of the body in some! 
|speeimens and on the left in others. The so-called 
| cheese mites were referred to in order to describe the 
| hypopus stage in the life history of many of them; 
| when the creature, which is originally soft and easily 
killed by heat or exposure, suddenly becomes hard and 
able to endure almost all vicissitudes, and also to live 
for a long period without eating; it is then provided 
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